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Chapter I 
INTRODUCT ION 
Annually, large investments are made in road construction on National 
Forests. In the years 1965 to 1967 over $153 million worth of timber was used to 
build roads on the National Forests of California, Idaho, Montana, Oregon, and 
'Washington (Table A — 1)- For the same period an additional $33 million was 
appropriated for road construction on National Forests in Idaho and Montana. 
Furthermore, this represents 11,627 miles of timber-financed roads and 1,983 miles 
of appropriated roads in all five states (See Table A-l). 
Multiple-use roads cost more than single-use timber roads (Table A-6). 
Road construction financing amounts to about 40 percent of timber stump-
age values (Table A-5). 
Timber sale receipts are affected by multiple-use management goals and 
resultant road construction costs (Tables A-6 and A-7). 
Furthermore, inequities occur when road financing is not distributed among 
all road users (Technical Report No. 1 The great reliance on the timber resource 
^ This report will be cited several times in the text. It is listed in the 
Literature Cited section as U.S.F.S. 1968. Allocating road construction and 
maintenance costs to the major vehicle classes using the Forest Service transporta­
tion system. Technical Report No. 1, Division of Engineering. For the sake of 
brevity it will be referred in the text as Technical Report No. 1 . 
1 
2 
to finance these roads is a form of discriminatory devaluation of the total benefits 
derived from the timber resource. This discrimination is reflected in two ways: 
1 . The dollar value of the timber resource is distorted or lessened by the 
amount of purchaser-built road costs that should be assigned to other forest road 
users. 
2. The benefits afforded to other forest users are not adequately recog-
• A 2 n ized. 
Recognition of these deficiencies is necessary for properly making and 
evaluating multiple-use decisions. The subsidies provided by timber roads rep­
resent an investment for improving or managing the non-timber asset. "We are 
usually interested in the cost of an asset because it gives a good idea of the 
exchange value on the market" (Walters, 1968a). The interaction of multiple-
use decisions requires some sort of cost-value measurement. 
The thesis of this paper is that if road construction costs were properly 
allocated, timber wouldabsorb less of these construction costs. Also, under 
Forest Service policy, these costs are currently being misallocated. 
The objective of this paper is to propose and demonstrate a methodology 
for equitably allocating multiple-use road construction charges among National 
Forest user classes and resources. 
^Appendix D, Pertinent Forest Service Policy, is provided for readers 
unacquainted with Forest Service policy pertaining to roads and timber sales. 
An understanding of this policy helps to explain the causes and constraints of this 
study. 
Chapter II 
COST ALLOCATION METHODS 
If road standards can be used as a measure of resource allocation, they 
will indicate an expenditure of monetary and land resources. Then, an over-
designed or overbuilt timber road represents a misaliocation of resources because it 
exceeds the minimum standards necessary for that one use. Yet this seeming mis-
allocation, from the timber resource aspect, can be justified because of the added 
utility or benefits derived for non-timber uses. It causes a surplus because some 
benefits received by non-timber forest resources are free. Where the road is 
built for only one use, all the construction costs incurred should be charged against 
that single use. However, in the case of a multiple-use road, the construction 
costs should be charged to all the uses benefitting from the road. 
Basis for Allocating Costs 
There is no perfect way to allocate road costs among all user groups. 
This study attempts to provide a logical, practical, and equitable method of allo­
cating costs. Some arbitrariness is needed in order to present the method. How­
ever, in actual practice more pertinent information will be available for the 
decision maker. 
Table A-6 shows that road width is a distinguishing characteristic between 
multiple-use roads and timber roads and Table A-7 shows that construction costs 
are related to roadbed width. As a general rule, earthwork (i.e., excavation or 
3 
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grading) is the costliest item for forest roadbuilding. An exception to this would 
be where costly bridges or large culverts are encountered. Since the amount of 
earthwork is directly related to roadbed width, then roadbed width can be used as 
the basis for allocating construction costs. 
Later analysis will show that incremental costs can be determined so that, 
based upon a reasonably reliable method, road construction costs can be equitably 
allocated among various user groups. 
Methods of Allocating Road Costs 
This problem is concerned with allocating costs incurred for the sake of 
various forest-road users. This allocation is similar to that used in determining 
highway-user tax liabilities. Because of this similarity, a brief review of the 
studies made on highway -user tax allocation is in order. Nothing of this sort 
pertinent to forest roads has been undertaken previously. 
Taff mentions that tax requirements for highway construction should be 
based on an allocation among groups in proportion to the benefits received and 
costs incurred because of each group (Taff, 1961). There have been many 
studies pertaining to vehicle fee determination. 
Koenker has studied the various methods of allocating highway costs. 
Koenker's conclusions can be summed up as (Koenker, 1958): 
1 . Ton-mile Method. This largely consists of the product of miles 
operated and gross vehicle weight. Such a determination can lead to inequities 
because it assumes that a full load is carried on the backhaul. It is also difficult 
to assess when it is applied to individual haulers, and thus becomes cumbersome or 
Table 1 
Road Use Requirements Grouped by Roadbed 
'Width and Grade Limit 
Product (use) Roadbed Width ________ 
(feet) 
20 
Adverse Grade Limit 
6 TT~ 
(percent) 
"Wood 
'Wildl ife 
Forage 
'Water 
Administration 
Recreation 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Sources Table 8, p . 40. 
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leads to cheating or tax dodging. This cost allocation method is predicated on the 
premise that highway construction charges should be based on benefits received 
and that these benefits are measured by vehicle weight. Perusal of truck tariffs 
will show this is not the case. The Montana Highway study concluded that, 
"Highway costs are not proportional to ton-miles and no competent investigator 
has claimed otherwise" (Hall, 1956). From the benefits aspect, this ton-mile 
procedure does not include a valid measure of benefits received by users who do 
not transport weight as their main reason for using the road (Johnson, 1957; 
Roadwise, 1964). Consequently, it is not equitable when different classes of 
road users are being considered. Vehicle weight is not a critical factor in forest 
road design. Flexible pavements and heavier than normal loads on private forest 
roads indicate that weight is not an important factor, except on bridges. In a 
study for the Natural Resource Road Committee of the Pacific Logging Congress, 
Worley says: 
The private logging roads are of poorer quality than the state highways; 
however, they carry gross loads of upwards of 150,000 pounds on two 
sets of dual axles. The average load per axle must approach 35,000 
pounds, and due to the overhang at the rear, the loads on the rear axles 
must exceed this by a considerable amount (Worley, 1947). 
Extensive research by the Public Roads Administration, the Department of Highways 
of Illinois, and the Michigan State Highway Department have all agreed with this 
report. According to trade journals and logging congress proceedings, some 
firms haul off-highway loads normally exceeding 200,000 pounds with no road 
destruction. 
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2. Cost-Function Method. This method groups the different elements of 
construction and maintenance costs incurred for different classes of highway users. 
It is supposed to consider both benefits and incurred costs. However, each detail 
of road construction, maintenance, and administration cannot be clearly and easily 
categorized according to user classes, and the arbitrary classification will probably 
lead to argument. 
Basically, the cost-function method assumes highway costs are not a func­
tion of ton-miles. Costs are assigned on a mile-axle basis. A 1960 Congressional 
Report indicates that 
It supposedly segregates all highway costs into three categories. 1) Those 
affected neither by traffic volume nor by size and weight of vehicle and 
therefore assignable on a per-vehicle basis; 2) those varying with traffic 
volume but not vehicle size and weight, and therefore assignable on a 
vehicle-mile basis; and 3) those varying with size and weight of vehicle, 
and therefore assignable on a basis associated with vehicle dimensions and 
weights (U.S.Cong., 1960b). 
The cost-function approach is the most complex and detailed of all methods 
applied to motor vehicle tax determination. Generally, it results in prejudicial 
costs against light vehicles. 
Application of this method to forest roads is far too complex. Since 
forest roads are relatively cheaper to build than highways, the administration cost 
in determining and applying the charges would exceed any reasonable proportion 
of the total construction cost. 
3. Operating Cost Method. This method is based on the assumption 
that the benefits derived are proportional to vehicle operating costs. Because it 
does not consider the basis for incurring construction costs,, this method is 
8 
incompatible with the distribution of costs resulting from road requirements for dif­
ferent user groups. 
4. Incremental Method. The incremental method is founded on the con­
cept that there are certain basic costs in providing highways in which all vehicles 
should share on a uniform basis, common costs, and that the additional costs attri­
butable to size of vehicle or use by a type of vehicle should be shared by successively 
smaller groups of vehicles in ascending order of vehicle use (Koenker, 1958; Egan, 
1965). 
a. The "basic road" concept consists of a hypothetically designed 
minimum standard road which is then used as the basis for comparison for the other 
requirements. 
b. Design standards are determined for each user class. Each class 
then contributes only to the cost of the highest level of standard which it actually 
requires and in proportion to that use. 
For the purposes of the problem of allocating forest road construction costs, 
the incremental method is judged most suitable because it incorporates a variety of 
uses and avoids many of the inequities and difficulties of appl ication of the other 
methods. For this reason, the incremental method will be compared to the other 
methods and described in more detail as it applies to this problem. 
The simplicity of application for the ton-mile concept is its main attraction. 
However, weight times distance would be a valid measure only if all vehicles con­
cerned were receiving the same rate of benefits per given weight. Road construction 
costs are not always proportionate to ton-miles. The American Trucking Associations 
9 
are opposed to the ton-mile method because it imposes a disproportionately heavy 
charge on heavy vehicles. As previously mentioned, the cost-function method dis­
criminates against lighter weight vehicles or produces results contrary to the ton-
mile method. In his 1956 study, Hall concludes that 
The incremental theory is thought by many to be the fairest method of 
determining motor vehicle tax responsibility. Its philosophy is sound and 
in accord with the economics of commerce in a free enterprise society. 
The philosophy would have vehicles of different sizes and weights pay for 
the highway costs in proportion to the costs they occasion (Hall, 1956). 
This same conclusion has been reached by the Bureau of Public Roads and 
the Highway Research Board. Basically, these studies point out that the incremen­
tal method of analysis is best suited for this particular problem (B.P.R., 1957; 
Koenker, 1958; Pancoast, 1953). 
The same type of analysis will be followed in this study. However, the 
road structure and geometries will be determined by the various use requirements 
considered under the multiple-use concept. To a great extent, vehicle size will be 
considered in determining road specifications but it is not a critical factor on forest 
roads. The purpose for which the road is being built will determine the specifica­
tions or construction criteria. 
Forest Service Method 
At this point it is very pertinent to discuss what will be called the Forest 
Service Method. This discussion is based upon a review of Allocating Road 
Construction and Maintenance Costs to the Major Vehicle Classes Using the Forest 
Service Transportation System (U.S.F.S., 1968b). 
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The Forest Service has chosen the incremental method as a means for allo­
cating construction and maintenance costs under cost-sharing agreements. The 
method is agreeable but the application is questionable, principally because all 
non-timber road requirements are not considered. 
First of all, roadbuilding costs are allocated according to Cooperator and 
Forest Service responsibility with vehicle classes as a basis for allocation. This is 
more or less the standard application of the incremental method to highway cost 
allocation. Discussion under Timber Road Requirements will show that there is a 
radical difference between highways and logging roads. The conclusion that the 
standard application of the incremental method by vehicle-size classes, as pro­
posed by the Forest Service Method, is not appropriate for forest roads. 
Secondly, when considering only construction costs, vehicle weight 
classes are not relevant for forest roads because ballasting is not a requirement 
except in extremely isolated situations in the western forest lands. Asa rule, the 
grading or excavation process provides enough ballast. 
Essentially in this Technical Report, costs are allocated on the basis of 
amount of traffic and vehicle characteristics dictating road design. The vehicle 
size classes are used to determine road width requirements whereby the larger size 
class, over 6,000' GVW, requires additional total pavement thickness, extra lane 
width, extra culvert lengths, and greater strength of structures. Herein lies the 
erroneous application of the incremental method. These points will be discussed 
now. 
11 
1. Additional pavement thickness can be ruled out as a requirement 
because of the Worley Report and regular Forest Service construction practices 
(Worley, 1947). Secondly, this report has discarded the Tire Pressure Allocation 
Method by stating that the required pavement thickness is not affected appreciably 
by tire pressures. Hence vehicle size classes based on GVW weights do not apply. 
2. Extra lane widths are predicated on the assumption that the bigger 
trucks require wider roads. Table A-6 in the Appendix section shows: 
Average Road Width in Feet 
Road Class Multiple Use Timber Pifference 
I 30.0 23.8 6.2 
II 25.5 18.3 7.2 
III 17.8 13.8 4.0 
Based on this comparative sample, it appears that this assumption, namely that log 
trucks require wider roads, does not hold true. 
The literature and proceedings of meetings between Forest Service and 
forest industry groups and Forest Service personnel testifying before congressional 
groups abound with statements referring to added cost of multi-purpose roads as 
3 
compared to single purpose roads. Comments regarding this added cost usually 
3 Examples are: Loggers Handbooks and proceedings of Pacific Logging 
Congress since 1960; meetings of WWPA; hearings on Timber Supply Act; Morse 
Hearings; and testimony by M.M. Nelson before the Subcommittee on Public 
Roads, U.S. Senate on S .3418, June 6, 1968. 
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refer to safety considerations requiring wider roadsurface and shoulders. Both of 
these affect lane widths. In the same sources can be found references to recon­
struction being required as a result of non-timber use exceeding expectations. 
Allocating incremental costs to log hauling traffic on the basis of extra 
lane width is not appropriate. The extra width requirements result from safety and 
traffic interference considerations and not log hauling. 
3. Extra length of culvert. Because of the previous discussion, this 
incremental cost item should not be charged to commercial traffic. Also, align­
ment restrictions imposed by safety and recreation users require higher fills in draws 
where larger culverts are used. This added fill height requires longer culverts than 
would be needed if a sharper curve, down to a 60-foot-radius if desired, was per­
mitted . 
4. Greater strength of structures is a valid basis for allocating incremen­
tal costs to heavier vehicles. The heavier logging truck would certainly require a 
stronger bridge. However, bridge length is a very important factor affecting bridge 
cost and strength. This cost factor has been excluded from consideration because 
the author feels bridges should be a separate cost allocation category or project. 
Because of the above reasons, the author maintains that the rationale used 
to apply the incremental method in the Technical Report of the Forest Service is in 
error. That is, the single use timber (commercial) road should be the "basic" or 
theoretical road. 
The purpose of this Technical Report is to allocate cost sharing between 
private and National Forest road systems. As such, the Forest Service has assumed 
13 
responsibility of all non-timber traffic and resulting construction requirements. 
Some consideration is given to water values by road grade limits. However, no 
allowance is made for allocating costs to the other uses. In other words, the costs 
are allocated to vehicle classes rather than user classes. 
Chapter III 
COST ALLOCATION 
A model based upon the incremental method of cost allocation will be 
formulated. This method can be used to allocate any major cost factor where 
incremental costs result from different requirements. It can be used for allocating 
total culvert costs or total bridge costs under specific conditions where incremental 
costs can be determined. 
Model Formulation 
In the model formulation and subsequent analysis, the formula notation in 
Table 2 will be used. 
Using the incremental method for cost allocation, the basic cost is the 
starting point for analysis. In this study the cost of the basic road, as determined 
by timber use requirements, is the total basic cost, B. That is, the total cost for 
the minimum standard road is the total basic cost. 
Essentially, the resources are grouped according to increasing use require­
ments, or road standards, as shown in Table 1. Each group has common costs 
shared equally throughout that group. The basic road cost has common costs 
shared equally among all uses considered. 
B, the basic cost, is the construction cost of the minimum standard road. 
This is represented, in this case, by the timber harvest road. Since the basic 
14 
15 
Table 2 
Formula Notation 
B - Basic Cost a/b,c - Increments 
C - Total Cost 
I - Incremental Cost 
X - Importance Factor 
Z - Index of Cost Allocation 
Subscript 
1 - "Wood or Timber Use 
2 - "Water Use 
3 - "Wildlife Use 
4 - Forage or Range Use 
5 - Recreation Use 
6 - Administration Use 
Examples: 
C - Total cost for all uses 
n 
C.j - Total cost determined for wood (basic road) use 
I - Incremental cost determined for wildlife use 
w 
Z_ - Index of cost allocation for recreation use 
m - Total of uses with Z equal 
to or greater than the specific 
use considered 
n - Total number of uses under 
consideration for the 
specific formula 
s - Specific use under 
consideration 
t - Total or sum 
16 
road is the bottom step in producing higher standard roads, it is common to all uses. 
Hence, 
(1) B = £BS = B1 + B2 + B3 B4 + B^ + B6 
and 
(2) B = B/n. 
s ' 
Then as standards are increased and costs increased accordingly, incremental costs 
occur that are common to each use in the specific cost increment. Using roadbed 
width in Table 8 as the criterion, this incremental cost is illustrated by increasing 
the width from 14 to 16 feet. The incremental cost for wood, wildlife and forage 
is zero because these uses do not require a 16-foot roadbed width. 
'i = '3 " U ' 0 
For this first increment 
'2 * '5 • '« * 
Since this first increment is a cost common to these three uses (water, recreation 
and administration, it is shared equally among them. 
(3) ls = l/n 
In this illustration from Table 8, (page 40) roadbed width requirement increases 
from 16 feet to 20 feet for recreation . This causes a second increment which can 
be differentiated from the first increment by using the subscript a for the first incre­
ment and b subscript for the second increment. 
I - first increment 
a 
1^ - second increment 
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The second increment results from only one use requirement, recreation. If more 
than one use was involved, this increment, 1^, would be shared equally as a com­
mon cost, but that is not the case in this instance. So 
l5 = (la/n) • lb 
The total cost, C, is the sum of the basic cost, B, and incremental costs, L 
(4) C r B + ! 
The cost assigned to each individual use is then 
(5) C - B +1 
S s s 
Since Bs - B/n, the basic cost is common and constant for all uses and 
(6) C = B/n + I 
s s 
This formula is the incremental allocation formula. It can be varied for 
different specific applications. 
Z, the index of cost allocation, can be used where construction costs are 
closely related to some parameter such as earthwork and cross-sectional area. 
Where this index can be determined for a specific area with any degree of cer­
tainty, the whole process of cost allocation is greatly simplified because it is 
necessary to only multiply the total cost by the index of cost allocation to deter­
mine the total cost for a specific use. 
(7) C * Z C 
s s 
An importance factor, X, can be used to modify the amount determined 
for any specific use. There are two reasons why this modification might be 
needed: 
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1. As a weighting factor or a realistic compromise when equity and 
policy sometimes require an adjustment. An example might be where grazing 
exists on a very limited scale and it might not be appropriate to charge grazing use 
the same as wildlife. Or X - 0 can be used to nullify allocation to one use that 
is not pertinent at all. 
2. As a probability adjustment factor to compensate for lack of relia­
bility in predicting the impact of various forest uses, changing conditions, or 
trends. Its purpose is to help in the design stage of roadbuilding by noting the 
expected impact, or lack of it, and thereby justify the design decision. 
The use of the importance factor is shown in 
(8) C = XZC 
s s s^ 
"Whenever this adjustment is used in conjunction with Z or C, the difference must 
be prorated among the other uses in order that Zs - 1.000. 
To summarize: 
(1) B *ZBS - B, • B2 4 B3 • B4 - B5 - B6 
(2) Bs ± B/n 
(3) ls = l/n 
(4) C - B - I 
(5) C - B/n + 1 
s ' s 
(6) C$ - B/n + ls 
(7) Cs * ZsC 
(8) Cs XsZsC 
19 
Road Use Requirements 
Road use requirements are the basis for determining incremental costs. 
Hence, it is important that the minimum road needs for each forest user group be 
defined and compared. 
Timber Road Requirements 
The methodology used in this study requires the determination of road 
requirements for all the forest uses under consideration. Since the timber road is 
the basis for comparing the other uses, the timber road requirements will be treated 
with greater detail than the other use requirements. The need for this will become 
self-evident later when cost allocation analysis is discussed. 
For this study the timber road will be assumed to be one sufficient to 
carry two million board feet of logs from one logging operation. At the rate of 
hauling 80 thousand board feet of logs per day, 25 days of hauling at 16 loads per 
day are required. Present road requirements are based on this rate of production 
or intensity of use. 
The whole concept of logging road standards is different than those used 
for highways (Huggard, 1958). This may seem incongruous since both have the 
same purpose—to provide a medium for transportation—whether it is logs, people, 
or grain. The reason for this difference is based on the premise that hauling logs 
over a given road has certain characteristics completely unlike those encountered 
on highways. Public highways are designed to accommodate a variety of vehicles 
at high speeds, relatively larger volumes of traffic, longer road use life, and dif­
ferent degrees of driver proficiency and their effect on safety. 
20 
The prime consideration in locating a logging road is to obtain the lowest 
combination of construction, logging, and hauling costs (Harkness, 1960; Mathews, 
1960; Gignac, 1962). In many instances the logging operation may subordinate 
minimizing construction and hauling cost factors of road location. Silvicultural 
practices of staggered clearcuts to promote reseeding from boundaries require more 
road mileage per unit area of timber removed (Silen, 1955). The limitation of suit­
able sites for landings, especially when cable skidding, is a further consideration 
(Host, 1954). 
The characteristics that differentiate the logging road from public high­
ways are: 
1 . Relatively low traffic volume. 
2. Relatively short period of use. 
3. One-way haul. 
4. Design for one type of vehicle which will operate at low speeds with 
heavy loads. 
5. Low proportion of total haul time on the spur and secondary roads. 
Relatively Low Traffic Volume 
This characteristic has a great impact on the overall construction cost of 
logging roads. The assumed daily log production of 80 MBF fits a medium sized 
operation for the Intermountain or Pacific Coast areas. If the daily production was 
increased appreciably, a higher class road would be needed when production 
exceeded 150 MBF per day (McFarlane, Scheutt, and Stevens, 1963). By the same 
token, this road is suitable for a daily production of as low as 40 MBF. 
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Road capacity is determined by design speed and surface width. Align­
ment (Byrne, Nelson and Googins, 1947; U.S.D.A., 1960) is the ruling criterion 
for design speed. Since a speed of 20 m.p.h. is suitable for this operation, and 
generally held to throughout the western states, minimum curve radius can be set 
at 60 feet for this speed. Although the American Association of State Highway 
Officials, A AS HO, (AASHO, 1954) allows a shorter radius of 45 feet for this 
speed, the minimum radius is set at 60 feet to avoid twisting and breaking the 
reach pole on the tracking trailer. Also, on sharp reverse curves a 50-foot tan­
gent is recommended between curves for the same reason (Host, 1954). 
Alignment restrictions tend to raise construction costs. Shorter radius or 
higher degree of curvature reduces the amount of excavation by permitting the road 
to follow the contour in steep ground. 
Road width is another factor when considering road capacity. 
The basic forest development road is a one-lane (12 feet wide) light duty 
facility with surfacing limited to stabilization of weak spots. . . . Roads 
of this standard should be built unless a higher standard road is economi­
cally justified for forest utilization traffic or required for safety of mixed 
utilization traffic and unregulated forest-visitor and public service 
traffic (U.S.F.S., 1964). 
This is a loose directive from the Forest Service which allows some freedom 
of choice for standards to be applied in particular situations. In order to adminis­
ter this policy in such a large organization, it becomes necessary to set up guide­
lines as model specifications. The Western Wood Products Association has recom­
mended that logging spur roads be built to standards which the logger feels adequate 
for the conditions encountered (WWPA, 1968). The purpose of this recommenda­
tion is to add flexibility for application of standards. Pearce also suggests that 
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road widths should be modified by widening on sharp curves to keep the trailer on 
solid ground (Pearce, 1961a). 
Mention is made of alignment and width factors as affecting road capacity. 
Yet, for a timber road, these factors seldom limit capacity, but are designed to 
meet mainly the needs of mechanical peculiarities of the logging trucks. The 
volume operating requirements needed for log removal amount to about 40 vehicles 
per day made up of: 
16 round trips of log trucks 
1 round trip of two log crew vehicles 
2 round trips for administration 
At this rate of daily traffic, the width and alignment requirements are minimal. 
For a non-permanent road, the width needed would be a one-lane road 10 feet 
wide with turnouts. This differs from the 12-foot specification noted above 
because a ditch would not be required for one-season log-hauling use and only 
25 hauling days are needed to remove the two MM board feet of logs. 
Relatively Short Time of Use 
The useful life of the study road is limited to the period over which the 
timber that is amortizing the road is being hauled. At 80 MBF per day, it will 
take 25 days of hauling to remove two million board feet of logs. Preparation of 
the area for logging will require an additional four to 10 days for falling and buck­
ing ahead of the skidding. Excluding the road construction time, the operation 
will be completed in seven weeks. 
It is axiomatic that total road maintenance cost is inversely proportional 
to construction cost (Host, 1954; Huggard, 1958; Pearce, 1961a). Expected 
usable life of the road will have a direct bearing on the estimated total mainten­
ance cost. Since the useful life of the road is so short, maintenance is not a 
necessary consideration. Consequently, there are no restrictions resulting from 
the useful life of the road. 
One-Way Haul 
The fact that timber is moved over roads in one direction from the logging 
area, road grades are classified as favorable (downhill in direction of haul) and 
adverse (uphill in direction of haul). Naturally, the road locator attempts to 
have a minimum of adverse grade (Mathews, 1942; Peace, 1961a). Because of 
the usual method of road development whereby the main haul road follows down the 
main drainage, this requirement is met without much difficulty. 
The allowance of steep grades has a very definite effect on total road 
costs. Very expensive sections of the route can be avoided in many instances. 
4 
This is the main advantage in allowing steep maximum grades. The use of steep 
grades has allowed the lower quality timber stands at higher elevations to be 
economically operable. A simple example is provided as an illustration. 
i 
^The wide range of allowable grades, as compared to those required for 
railroads, is the most important single factor which has permitted the degree of 
flexibility available for truck roads. 
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Assume it is necessary to gain a vertical distance of 100 feet in elevation. 
For the sake of this illustration, construction costs are constant per 100-feet station. 
Table 3 shows that if the maximum permissible grade is the only variable, 
construction costs will vary inversely with the percent of allowable grade. Using 
10% as the comparative grade, a 6% maximum allowable grade will increase con­
struction cost by 67%. This simple illustration does not allow for one of the impor­
tant causes for using steep pitches. That is, not only can the construction cost be 
reduced from shortening the length of road built, but heavy rockwork and steep 
sidehills can be avoided. 
Although 15% favorable grades are permitted in some instances, it is pro­
posed that a 12% favorable grade be used. 
The ruling for adverse grades is more definite. This is set at 6% because 
grades steeper than this for any sustained length will have a marked effect on 
hauling time. 
The fact that a one-way haul is used reduces the safety requirements that 
must be built into the road. This results from the practice of yielding the right-
of-way to the loaded truck and the regular use of two-way radios. By means of 
these two-way radios, the truckers keep each other advised of their location. The 
empty truck, advised of the approaching loaded truck by radio, will pull off at a 
convenient spot even before the loaded truck is visible. This not only provides 
safety for the truckers, but it permits fewer delays enroute to the mill. 
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Table 3 
Effect of Allowable Grade on Construction Costs 
Grade 
No. of 100-
foot Sta . 
Cost/ 
Sta . 
Total 
Cost 
R a t i o ;  
Cost 
10% 
Grade 
4 25 100 2,500 2.50 0.4 
6 16.7 100 1,670 1 .67 0.6 
8 12.5 100 1,250 1 .25 0.8 
10 10 100 1,000 1 .0 1 .0 
12 8.3 100 830 0.83 1 .2 
15 6.7 100 670 0.67 1.5 
Vehicle Design 
The development of the specialized logging truck has eliminated many 
restrictions for road specifications. 
Log hauling trucks are capable of hauling heavy loads (Fitch, 1949) at low 
speeds. While most road design normally considers gross vehicle weight (GVW), on 
Forest Service roads it can be ignored even though we are concerned with loads 
exceeding 70,000 pounds (Brandstrom, 1948; Worley, 1947). "GVW is not a cri­
tical factor on forest roads . In fact, it can be neglected except for bridge design. 
Non-repetitive loading or low average daily traffic (ADT) permits this" (Sorum and 
Nygard, 1963). 
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These trucks often include mechanical components with the capacity to 
retard heavy loads on steep grades as long as there is enough tractive resistance 
between the tires and the road surface. This is done with little application of the 
brakes. Trucks with these components are assigned to the hauls with unusually 
steep grades and heavy loads. 
Since the vehicles are adapted to the conditions, there are no restrictions 
resulting from vehicle design or operation. 
Low Proportion of Haul Time on Spur and Secondary Roads 
As the distance from stump to mill increases, the effect of haul over 
timber financed roads has a decreasing impact on the total haul cost. Within 
limits, of course, the standards used for building these secondary roads have less 
effect on hauling costs as the total length of haul increases. If only hauling time 
was considered, design standards are unimportant since these timber roads are inten­
ded to be low speed roads. 
Table 4 summarizes the road standards needed for timber hauling. 
Road Requirements Where Water Is a Management Consideration 
It is commonly accepted that roads which are properly designed and built 
will enhance watershed values. "Where put in properly, roads will provide a net 
plus value or exceed the diseconomies" (Packer, 1970). Improperly constructed 
roads cause water quality deterioration because of excessive soil erosion. Since 
soil erosion by water is largely dependent upon the quantity and speed of water 
movement, it is necessary to keep the water collected on the roadway to permissible 
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Table 4 
Basic Timber Road Standards* 
Design speed 
Minimum curve radius 
Average daily traffic 
Maxim, grade - favorable 
Maxim, grade - adverse 
Surface width 
Roadbed width 
20 miles per hour 
60 feet 
40 vehicles 
12 percent 
6 percent 
12 feet 
14 feet 
*These standards will be used to compare with those required for other 
forest uses. 
quantities by proper crossdrain spacing and permissible velocities by controlling 
the road grade. Both factors are related to soil type, namely particle size. 
Smaller soil particles will erode more easily than larger ones. 
Road design standards can be very critical relative to watershed manage­
ment needs. The design and construction specifications most directly affected are; 
permissible grade, backslope, ditching, and culvert spacing. Because it is 
closely related to soil, terrain, and rainfall characteristics, all of which are too 
variable for the ceteribus partis study, culvert spacing will not be included in the 
analysis. 
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Permissible Grade 
The effect of road grade on construction costs have been discussed pre­
viously. When considering watershed values, variations in grade limitations are 
determined by the erosive susceptibility of the specific soil or the underground con­
ditions involved. Granitic soils will slide when saturated. Sedimentation damage 
becomes less when following flatter water grades on larger streams. Hence, any 
grade limitation is determined by physiographic and soil conditions. Since these 
conditions are quite variable, not only regionally but also locally, it is virtually 
impossible to set up any fixed rule to cover all conditions. 
Practically, the road locator must decide what limits of erosion are per­
missible. The work should be designed so that sufficiently stable soil material will 
be available for embankment. Although it is often thought best to keep road 
grades to a minimum for reducing erosion, a road pattern with a minimum number 
of ascending roads on maximum grades is preferable (Silen, 1955). This pattern 
will give the least road density and soil disturbance. Also, soil disturbance can 
be reduced by reducing road width as the planned end of the road is approached. 
Backslope 
The amount of excavation needed to construct the backslope dictated by 
soil conditions can seriously affect construction costs. This slope is expressed as 
horizontal distance to vertical distance; a three to one slope means for each foot 
of change in vertical distance, there is a three-foot change in horizontal distance. 
Embankment slope of repose is the slope that will be assumed when a 
specific soil type is stabilized. For a given soil type, the backslope should be the 
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same as the embankment slope of repose. A steeper slope will cause erosion. A 
flatter slope causes an unnecessary additional cost because of excessive dirt moving. 
Table 5 shows some commonly used slope values for different ground con­
ditions. When the reader recalls that flatter slopes are costlier to construct than 
steeper slopes, it is apparent that the variability of soil types can cause a variation 
in construction costs. 
Table 5 
Slope of Repose for Embankments 
Material Slope 
Clean sand 1..5,: 1 
Sand and clay ^ J 1 
Clay 3 : 1 
Gravel 1.3:1 
Common soil 1 ; 1 
Rotten rock 1.3:1 
Solid rock 3/4 - 1/4 : 1 
This table is presented to indicate the effect of soil conditions on exca­
vation volumes and is derived from general construction practices in Northwest 
woods. 
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The operator who uses the short-term viewpoint on the construction job 
will attempt to use vertical backslopes since a flatter slope will require more exca­
vation for a given road length. A more prudent operator with a long-term out­
look will fit the backslope closely to the soil conditions, for two reasons. First, 
where the slope is too steep, soil will continue to slough into the ditch or onto the 
roadbed, causing undue maintenance. Second, as this sloughing continues, 
water quality will be impaired since the fine particles in this slide material will 
be suspended in water and carried down the ditch and into the watercourse. Also, 
some of the material in suspension will precipitate out, mainly because of lower 
flow velocities, and clog soil pores and thereby impede percolation into under­
ground storage. 
There is an exception to this rule where, if the backcut along the ditch-
line is two feet or less, the embankment can be left vertical. This is allowed 
because the sloughing will be minimal and can be removed the first time the road 
is maintained. This will also provide some fines for the maintenance operator. 
Allowable alignment standards will affect the depth of excavation. 
Because a minimum of excavation is best for watershed requirements, when road 
width and alignment can be kept to a close fit to topography, the basic road 
requirements are best met. Minimizing excavation will reduce erosion and mini­
mize soil disturbance. 
Ditching 
The purpose of ditches is to collect the water from the impermeable road 
surface. Sometimes operators will "outslope" the road slope roadbed slightly 
31 
away from the cut side and thereby eliminate the need for ditching. This is an 
impractical expediency if road use is expected in cold weather because of the 
danger of sliding off the road. Crowning a road to reduce water collected in the 
ditch is also impractical for the same reason. Crowning also tends to twist the 
trailer hitches. 
Ditching also collects the water from the backslope. During late spring 
runoff this can be appreciable and ditches perform a very helpful function for per­
manent roads before spring maintenance crews arrive. 
Table 6 
Watershed Road Requirements 
Design speed Not critical 
Minimum curve radius Not critical 
Average daily travel Not critical 
Maximum grade - favorable 8 percent 
Maximum grade - adverse 8 percent 
Surface width 12 feet 
Roadbed width 16 feet 
Backslope critical Yes 
Ditch Yes 
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WildJife Road Requirements 
Access for harvesting big game is mainly provided by logging roads. It 
has been shown the logged-over areas are likely hunting areas. The nature of the 
vehicle used by the hunter allows him to use a road as defined by the timber road 
standards. Except for the matter of hunting driver safety, the only requirement is 
that the road be passable. Since hunting is usually done in groups of two or more, 
the driver is aided by the rider who is watching for vehicular traffic as well as 
game. Hence, roads built for timber removal are also satisfactory for the removal 
of the big game harvest. 
Because of the degree of compatibility which exists between wildlife 
requirements and the timber road, it is not necessary to discuss this road aspect 
any further. 
Forage Road Requirements 
Grazing in the western forests is more or less restricted to the ponderosa 
pine and white pine types located in medium to poorly stocked stands. 
With regard to the roading problem under study, the requirements for 
grazing are so similar to those for wildlife that they will be dealt with in the same 
manner. That is, it is not necessary to consider them as being dissimilar to the 
basic needs for log removal. 
Recreation Road Requirements 
The increasing emphasis on recreation development has had a definite and 
pronounced effect on timberland road construction requirements. These requirements 
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are predicated on several factors: 
1 . Variety of vehicles to be used. 
2. Different degrees of driver experience on this type of road. 
3. Aesthetics and user-site requirements. 
4. The expected usable life of the road will be extended indefinitely, 
dependent upon the recreational features involved. 
Ideally, to meet the requirements posed by these factors it would be 
necessary to build a road which would be a compromise between a county road 
and a low class state highway. This is beyond the realm of practicality in forest 
country because of terrain and cost. Following are some of the requirements con­
sidered in designing such a recreation road. 
Vehicle Design 
Requirements for the basic road were determined for one vehicle, the 
log hauling truck, and designed for one-direction hauling. The recreationist 
may be driving a motorbike, car, pickup, and possibly pulling a boat, horse, or 
camping trailer. To simplify we will assume a normal passenger car. The require­
ments for this vehicle are essentially the same as those used for highway design. 
The new ruling criterion, however, is safety. 
Dr i ver Exper i en ce 
Even assuming normal caution, safety must be considered when choosing 
road standards to fit recreational travel. A broad flat highway is much different 
from a rising elevation which reduces motor efficiency with a resultant power loss. 
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"While a 24-foot road surface ought to be provided for the sake of driver safety, 
this would be too costly. Instead, it is suggested that 16 feet of road surface be 
provided where side slopes are steep. Where this cannot be done economically, 
eight-foot wide turnouts 100 feet long should be spaced intervisibly, with a 12-
foot running surface on the road. This does not differ much from the basic timber 
requirements. However, much stricter adherence to turnout spacing becomes 
vital since ordinary cars do not, like the logger, use two-way radios to keep 
advised as to the location of other vehicles. 
For the regular passenger automobile, a maximum sustained grade of 6% 
should be allowed. Any grade steeper than this will cause the unskilled driver 
to be overly concerned with a lugging engine or shifting gears and neglect road 
conditions. Downhill the inclination will be to ride the brakes excessively when 
gravitational forces exceed the compression drag on the engine. 
Width of right-of-way clearing is often mentioned as a safety factor. 
This is negligible on a low standard recreation road because alignment will be the 
ruling criterion on visibility or sight distance. The only way this can be overcome 
would be to straighten the road with excessive cuts and fills. Hence R/W clear­
ing width need not be a consideration for recreation roads. 
The basic logging road can assume a fixed number of vehicles per day. 
This will be constant, within a very close tolerance, barring any equipment break­
down on the logging operation. Should there be a recreation attraction along this 
road, the ADT (average daily traffic) could be tripled. Under normal conditions, 
this may not be critical. Yet, when an inexperienced driver unexpectedly 
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encounters a big truck on a comparatively low standard road, almost anything can 
happen. Consequently, it becomes necessary to assess the recreational value of 
the road. This assessment cannot be totally concerned with the current stumpage 
area, but must acknowledge all attractions that might occur over the entire planned 
road length, 
Expected Usable Time Period 
Logging requirements are concerned with the time needed to remove 
two million board feet of logs. Where this volume can be removed in one oper­
ating season, road maintenance should not be charged to the timber resource 
beyond that period. Road standards are a compromise reached through balancing 
construction, maintenance, and vehicle operating costs. 
Obviously these higher standards conflict with the basic road that is 
going to be used only seven weeks. Any standard over the minimum that is attri­
butable to reducing annual maintenance costs can be allocated to the specific use 
or divided among any other use demanding upgraded standards. 
These higher standards are also similar to those incurred for the sake of 
watershed protection. 
The standards required to accommodate recreation use are shown in 
Table 7. 
Administration Road Requirements 
Although administration, per se, is not a formally recognized forest road 
use, it is still a very real and necessary use. Administration of current timber 
Table 7 
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Recreation Road Requirements 
Design speed 30 miles per hour 
Minimum curve radius 150 feet 
Average daily travel 100 vehicles 
Maximum grade - favorable - 10 percent 
Maximum grade - adverse 4 6 percent 
Surface width 16 feet 
Roadbed width 20 feet 
Backslope critical yes 
Ditch yes 
sales is considered as a part of the same purpose for which the road is to be built, 
namely, timber use. 
Administration use has been defined in this study as all travel incurred for 
the sake of land management activities. The major classifications are timber 
management and protection. Another increasingly important but seldom considered 
aspect is road use by private landholders within the forest area. Concessionaires 
and non-timber business establishments should be included under Administration 
because their road requirements most closely resemble those needed for Administra­
tion. 
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Timber management activities include: 1) the preparation of subsequent 
timber sales not included in the amortization of the particular road section under 
consideration; 2) timber stand regeneration on burned-over and cutover areas; 
3) thinning and intermediate stand treatment; 4) subsequent timber sales; 5) 
protection activities (including fire, insect and disease control); 6) research 
activities. In attempting to improve timber production to meet anticipated 
demands, all these activities will increase as management practices become con­
centrated on higher sites. 
Landholders and leaseholder use is concerned with road use by: 1) 
cabin owners, 2) motel and camp operators, 3) mine operators, and 4) road 
use to service these establishments. Although this may seem to be a minor element 
it can cause an abnormal amount of problems because of policies or agreements 
made concerning these establishments. Such use does not closely coincide with 
normal recreational road use since it occurs throughout the entire year. 
It is readily apparent that, as Newport says, "The key to administration 
and protection on any forest is access. This, in today's terms, means roads" 
(Newport, 1963). 
Administration needs no better road standards than those needed for the 
timber road. However, permanent usage creates demands that do require ample 
consideration of the long-term use of the road. 
Open and adequate ditches are very important for road maintenance over 
an extended period of time. Backslopes will require particular attention in order 
that sloughing into the ditch will be kept to a minimum. The general practice is 
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to clean out the ditches with a road patrol in the fall before the wet weather sets 
in and to repair slides in the spring as soon as possible. 
A ditch, with resultant increase in roadbed width of two feet, is the only 
requirement over the timber road necessary to satisfy the administration use of these 
roa ds, 
Summary 
Six forest uses have been considered. These uses have been evaluated 
according to their road requirements. Admittedly, wildlife and recreation could 
be combined on the basis of type of use. Yet, each has distinctly different road 
requirements. For this reason they are treated separately. Wildlife and forage 
uses may also be considered as one use. Generally, they are partly mutually 
exclusive uses since they do not overlap, but both have the same road require­
ments. They have been treated separately because the allocation model requires 
the two categories. 
The brief discussion dealing with multiple-use considerations points out 
one major conclusion, namely, that all uses can be expected to increase. Popula­
tion growth will increase the need for more accessible and available green areas; 
more water for domestic and industrial usage; more timber and meat products; and 
more recreation facilities. Only multiple use combined with more intensive land 
management practices can supply these increased demands on the forest resource. 
Management practices must include the research and application of measures to 
control and reduce losses resulting from fire, insect, and disease, while also 
improving the silvicultural environment. 
Table 8 provides a tabulated summary of road requirements. This table 
shows that aside from the 8% grade limitation for watershed use, the major variance 
from timber use is<for-recreation. Surface and roadbed widths are of particular 
importance because these specifications can be compared according to resultant 
costs. 
It must be remembered that the application of requirements to local situ­
ations can very well differ from this summary. For instance, where logging trucks 
with 10-foot wide bunks are used, a 10-foot running surface would be too narrow; 
where extremely fragile soils are encountered,grade and culvert spacing require­
ments summarized in Table 20, page 74, will fit most general situations and these 
will be used in applying the cost allocation model later. 
Table 8 
Summary of Requirements 
Standard Wood Water Wildlife Forage Recreation Administration 
Design speed 
(miles per hour) 20 — 20 20 30 20 
Minimum curve 
(radius - feet) 60 — 60 60 150 60 
Average daily travel 40 — — — 100 10 
Maximum grade -
favorable (percent) 12 8 12 12 10 12 
Maximum grade -
adverse (percent) 6 8 6 6 6 6 
Surface width (feet) 12 12 12 12 16 12 
Roadbed width (feet) 14 16 14 14 20 16 
Backslope critical — X — — X — 
Ditch critical — X — — X X 
•I*. o 
Chapter IV 
MODEL APPLICATION 
Cost allocation in this situation of forest road construction is a matter of 
assigning joint costs posed by the model 
C * B I or C = B +1 
s s s 
Economic models are necessarily abstractions of reality in which the researcher 
attempts to incorporate the most important causal relationships for his problem. 
The following examples are presented to show some of the factors to be considered 
when allocating construction costs of multiple-use roads built by timber sale pur­
chasers. 
Hypothetical Case 
A hypothetical case is presented as the first illustration of applying the 
cost allocation model. This case illustrates the different factors involved. Com­
parisons will be made on the basis of specifications set up in Table 8 on page 40. 
These comparisons will show that added improvements will cause increased exca­
vation which bears out the previous conclusions from analyzing construction costs 
of different road standards. The additional earthwork resulting from improved 
alignment cannot be shown by this analysis because this can be evaluated only 
through an on-the-ground field examination. The practice of sidecasting excava­
tion to keep the road "in the solid" makes it unnecessary to balance cut and fill 
cross-sections or volumes. Where a fill is made, the material is assumed to come 
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from the cut at both ends of the fill. This is considered when the location is made 
on the ground. A description and analysis of road construction practices has been 
presented by Silversides, Stamm, and Host (Silversides, 1949; Stamm, 1950; 
Host, 1954). 
This example will be concerned with applying the allocation model to a 
section of road where all terrain conditions are constant, e.g., side slope and 
depth to solid rock. It then becomes necessary to determine construction costs for 
a 100-foot station of road. Specifications for the different uses will be converted 
to roadway cross-sectional area and modified for grade limitations. These then 
will be converted to cubic yards of excavation per 100-foot station to determine 
cost per station. 
Assumptions 
The following assumptions are made in order that some reasonable degree 
of consistency is maintained. 
1. Side slopes perpendicular to the center line are 40%, a rate that in 
many instances will not be too steep for the western states. 
2. Building the road "in the solid" will be done for all cut sections. 
This means, as far as practicable, the running surface, or usable portion of the 
road, is on undisturbed ground. 
3. Common excavation is considered to be three feet deep from the 
original ground line. This will vary greatly under actual conditions. 
4. Backslopes above the road will be assumed one to one or 100%. 
Obviously, this can vary considerably for the type of ground conditions, i.e., 
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3/4 or 1/4 to one for solid rock or three to one for clay. 
Administration Use Cross-Section Data 
Specifications 
Surface width 12 feet 
Ditch 2 feet 
Curve radius, minimum 60 feet 
Grade, maximum 12 percent 
Cross-Section Similar to Water Requirements 
2 
Total cross-sectional area 65.4 feet 
2 
Common excavation 59.4 feet 
2 
Rock excavation 16.0 feet 
Effect of grade restrictions will be evaluated by comparison of allowable 
maximum grade for each use with that of the basic road or 12% . It is assumed 
that a given elevational difference must be attained. Grade differential is then 
converted to the additional number of 100-foot stations of road to be built. This, 
combined with cross-sectional area differences, will then be converted to quan­
tities of earthwork and will form the basis for cost allocation either on a construc­
tion unit basis or dollar basis. 
Using cross-sectional area as a measure of cost allocation, a comparison 
of the effects of use requirements can be made as shown . in Table 9. This table 
points out the additional excavation, as shown by cross-sectional areas, 
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Specifications for Basic Road: 
Surface width 
Ditch 
Curve radius, minimum 
Grade, maximum 
/$>o 
12 feet 
None 
60 feet 
12 percent 
Cross-sectional 
area 48.0 feet 
Common excavation 
Rock 
41.3 feet 
6.7 feet 
Source: Table 8 
Figure 1 
Basic Road Cross-Section 
Specifications: 
Surface width 
Ditch 
Curve radius, minimum 
Grade, maximum 
12 feet 
2 feet 
60 feet 
/ 
8 percent 
1  
Cross-sectional area 
2 
Tota I 65.4 feet 
2 
Common 49.4 feet 
2 
Rock 16.0 feet 
Source: Table 8 
Figure 2 
Water Use Cross-Section 
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"Wildlife Use Cross-Section Data 
Specifications 
Surface width 
Ditch 
Curve radius, minimum 
Grade, maximum 
Excavation same as basic road 
Total cross-sectional area 
Common excavation 
Rock excavation 
Forage Use Cross-Section Data 
Specifications 
Surface width 
Ditch 
Curve radius, minimum 
Grade, maximum 
Excavation same as basic road 
Total cross-sectional area 
Common excavation 
12 feet 
None 
60 feet 
12 percent 
2 
48.0 feet 
2 
41.3 feet 
2 
6.7 feet 
12 feet 
None 
60 feet 
12 percent 
2 
48.0 feet 
2 
41.3 feet 
Rock excavation 6.7 feet 
Specifications: 
Surface width 
Ditch 
Curve radius 
Grade, maximum 
16 feet 
2 feet 
150 feet 
10 percent 
tzV 
/ te .  
Cross-sectional area 
2 
Total 109.0 feet 
2 
Common 71.3 feet 
2 
Rock 37.7 feet 
Source: Table 8 
Figure 3 
Recreation Use Cross-Section 
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Figure 4 
Composite Cross Section 
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resulting from modifying road specifications to comply with restricts imposed by 
the various uses. 
If all excavation costs are based on the unclassified material basis, the 
only variable will be the cross sectional areas which can be converted into cubic 
yards per 100-foot station by multiplying the cross-sectional area by a constant, 
5 
3.71. Using Table 9 as a basis for allocating cost, an Index of Cost Alloca­
tion, Z, can be calculated. This hypothetical case will consider all uses even 
though it is unlikely that wildlife and forage will be of equal importance in the 
same location . 
Cross-Sectional Area Application 
The total cross-sectional areas from Table 9 are weighted for grade res­
trictions by multiplying the total area by the grade effect multiplier. This mani­
pulation provides a weighted total area for each use. The total weighted area 
is then divided into the weighted total area for each use to provide the index of 
cost allocation for the specific uses. 
Calculation of the Index of Cost Allocation, Z, based on cross-sectional 
area is shown as follows: 
5 
"Average end areas" would be used for a more refined estimate but 
this study does not take them into consideration for obvious reasons. 
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Table 9 
Effect of Requirements on Cross-Sectional Area 
Use 
Item Wildlife 
(Basic) Water Range Recreation Administration 
2 
Total feet 48.0 65.4 48.0 109.0 65.4 
Percent 100.0 -H 36.3 100.0 •$26.2 +136.3 
Common feet^ 41.3 49.4 41.3 71.3 49.4 
Percent 100.0 +119.5 100.0 +172.5 •VI09.5 
2 
Rock feet 6.7 16.0 6.7 37.7 16.0 
Percent 100.0 +239.2 100.0 +546.0 + 239.2 
Grade effect 
Percent 100.0 +133.0 100.0 +117.0 100.0 
Table 10 
Index of Cost Allocation - Cross-Sectional Area Basis 
Wood Water Wildl ife Forage Recreation Administration Total 
Total area 100.0 136.3 100.0 100.0 226.2 136.3 
Grade effect 1.0 -H.33 1.00 1.00 -H.17 1.00 
Weighted total area 100.0 181.3 100.0 100.0 265.7 136.3 883.3 
Index .113 .205 .113 .113 .300 .155 
* 
.999 
* Does not total to 1.000 because of rounding .1133 to .113. 
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Zs 
C 
s 
C~ 
z ,  
- C1 
C 
- 100.0 . 
833.3 
.113 - Z .  - Zc 
4 5 
Z2 
= C2 
C 
- 181.3 = 
833.3 
.205 
Z5 
C 
= 5 
C 
- 265.7 -
833.3 
f .301 
Z6 
- °6 
C 
- 136.3 = 
883.3 
= .154 
Assuming a < :ost of $ 100 per station for excavation, the cost assigned to 
the different uses can be demonstrated by multiplying the Index of Cost Allocation 
times the Cost per station. 
Cost/Station Index Use Allocated Cost 
$ 100 .113 Wood $ 11.30 
100 .205 Water 20.50 
100 .113 Wildlife 11.30 
100 .113 Forage 11.30 
100 .300 Recreation 30.00 
100 .155 Administration 15.50 
The basic cost is $ 11 .30 per station. The incremental cost for each use 
is the surplus over this basic cost, or 1 = Z C - B. s s 
This method of determining cost allocation is a simplified application of the 
incremental method. Technically, the amount exceeding the basic cost is the 
incremental cost. However, this is made up of increments as shown in the table 
below, No .11. 
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Table 11 
Application of Incremental Costs 
Use 
Basic Cost-
Dollars 
Incremental Cost-
Dollars Total 
"Wood 11.30 0 11.30 
"Water 11.30 4.20 +-5.00 20.50 
Wildlife 11.30 0 11.30 
Forage 11.30 0 11.30 
Recreation 11.30 4.20 * 5.00 + 9.60 30.10 
Administration 11.30 4.20 15.50 
The example of the incremental method above is a simple application. 
Therefore, it is quite appropriate in that the roads constructed by timber sales are 
estimated using total yardage as an important cost estimating factor. Even though 
this practice is very common, the construction work is inspected more -closely when 
there is a question concerning the road allowance. This can occur when the road 
builder feels there is more rock in the job than estimated. The method of appli­
cation presented above assumes that excavation costs are uniform or that unclassi­
fied yardage category is sufficient to carry the full cost of excavation. It will be 
remembered that an assumption was made that solid rock occurred three feet below 
the groundline (See Figures 2, 3, 4). When rock excavation is taken into con­
sideration, the cost differential between common earth and rock will have the 
effect of changing Z values for the different uses. 
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Table 11 
Application of Incremental Costs 
Use Basic Cost-
Ool lars 
Incremental Cost-
Dollars Total 
"Wood 11.30 0 11.30 
"Water 11.30 4.20 * 5.00 20.50 
•Wildlife 11.30 0 11.30 
Forage 11.30 0 11.30 
Recreation 11.30 4.20 f 5.00 t 9.60 30.10 
Administration 11.30 4.20 15.50 
The above example is appropriate because total yardage is an important 
cost estimating factor. The method of application presented above assumes that 
excavation costs are uniform or that the unclassified yardage category cost 
allowance is sufficient to carry the full excavation cost. It was assumed that 
solid rock occurred three feet below the ground surface. (See Figures 2, 3, and 
4.) When rock excavation is considered, the cost differential between common 
earth and rock will have the effect of changing Z values for the different uses. 
The following example will show the effect of classifying earthwork 
according to common, rock, and unclassified categories. These costs will be: 
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Common excavation @ $ .40 
Rock excavation @ 1.25 
Unclassified excavation @ .80 
These costs were obtained from the U.S. Forest Service, Region 1, 
Engineering Office and are compiled from actual contract bids used for construc­
tion job estimates. 
The unclassified cost can vary considerably. This is where the bidder 
uses his own judgment as to the proportions of common and rock quantities that 
will occur. 
It must be borne in mind that the application of dollar values can greatly 
distort the total costs when comparing among different sites or conditions. This 
arises from the large local differences in per unit cost of common and rock exca-
vacation. It is for this reason that one of the main limitations imposed on this 
study was that the results cannot be indiscriminately applied with the expectation 
of obtaining satisfactory results, but the allocation method does not have this 
I imitation. 
This apparent limitation actually makes the allocation model more 
practical. That is, by using local per unit construction cost data, the alloca­
tions can be made with a feeling of certainty that the results are more reliable for 
specific localities. It is readily apparent from this example so far that wherever 
the specifications coincide with those used herein, the allocation problem is the 
same as the example. This would continue to be the case except that it is very 
unlikely that the basic cost data would coincide for many localities. 
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The method becomes universally applicable when local per unit construc­
tion costs are used in determining cost relationships. Each situation must be 
evaluated separately. 
After these unit costs have been obtained, it is only necessary to convert 
cross-sectional end areas to cubic yards to determine total construction costs. 
Table 12 shows this cubic volume per 100-foot station and Table 13 shows the 
construction costs based on Table 12 quantities. 
Assuming that Table 13 is a valid presentation of the situation, the effect 
of grade limitations can be shown by multiplying the total cost per station times 
the percentage increase in number of stations required to obtain a given altitu-
dinal change. These multipliers have been explained above in Tables 3 and 10. 
Since the basic road or use has been established as the norm for com­
parison purposes, it will be given an index equal to 1.00. The other uses will 
now be compared to the basic cost. 
Using the unit excavation costs, Table 13 derived from Table 12. The 
different cost calculation methods then provide a total per station cost of: 
Costing Method Cost per Station 
Segregated basis $280.92 
Unclassified basis 323.68 
However, when these are adjusted for the grade limitations, as in Table 3, these 
costs per station are adjusted to: 
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Table 12 
Cubic Yards Excavation Per 100-Foot Station 
Item Basic Water Wildlife Range Recreation Admin. 
Total 178.0 242.5 178.0 178.0 404.6 242.5 
Common 153.2 183.0 153.2 153.2 264.5 183.0 
Rock 24.8 59.5 24.8 24.8 140.1 59.3 
Table 13 
Construction Costs Per 100-Foot Station Based on 
Excavation Quantities - Dollars 
Item Basic Water Wildlife Range Recreation Admin. 
Common 61,28 73.20 61.28 61.28 105.80 73.20 
Rock 31.00 74.37 31.00 31.00 175.12 74.37 
Total 92.28 147.57 92.28 92.28 280.92 147.32 
Unclassi­
fied 142.40 194.00 142.40 142.40 323.68 194.00 
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Costing Method Cost per Station 
Segregated Basis $328.68 
Unclassified basis 378.71 
The basic and incremental costs can be derived from Table 13. The basic cost, 
B, is equal to the least cost $92.28 and $142.40 for the segregated and unclassi­
fied costing methods. The three increments are shown in dollars: 
Segregated Unclassified 
I - 147.57 - 92.28 - 55.29 194,00 - 142.40 = 51.60 
a 
lb = 196.27 - 147.57 ^ 48.70 258.02 - 194.00 = 64.02 
>c si 328.68 - 196.27 - 132.41 378.71 - 258.02 - 120.69 
The following explanation will use the unclassified costing basis to show 
the derivation of incremental costs for each use. 
's = l/n (3) 
The first increment is concerned with three uses: water, recreation, and adminis­
tration. (Wildlife and forage uses have no incremental charge since their require­
ments are the same as for timber.) There the first increment charged to the uses 
concerned is 
l/n = 51.60 f 3 = 17.20 = I /n = L = I =" I 
a a 6 a2 a5 
The second increment is concerned with water and recreation only. 
1,/n = 64.02/2 - 32.01 = I - | 
b b2 b5 
The third increment is concerned only with recreation so 
l/n = 120.69 - I , 
c' c5 
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Table 15 shows these calculations in a tabular form which more clearly 
illustrates the determination of the cost allocation for each use. 
"Where the construction costs have been determined for the highest 
standards, the total cost can be distributed according to percentages derived for 
similar roadbuilding conditions. In this respect, the derived percentages function 
the same as Z, the index of cost allocation . 
However, where total construction costs have been derived for differ­
ent standards, the index of cost allocation can be used as shown in Table 14. 
Calculation of Index of Cost Allocation 
Segregated Basis Unclassified Basis 
Zs = » 
Zi = ?2.28 = na7 _ 142.40 __ 
949.11 *097 T257T93 J 3 
7 _ 196,27 = 0(Y7 = 258.02 
2 " 949.11 ~ ' " 1257.93 " .205 
7 92.28 _ na7 , 142.40 
3 " 949.11 ~ * 1257.93 = *113 
92.28 = = 142.40 _ 
L4 949.11 "uy/ 1257.93 ~ -113 
328.68 378.71 = 
5 949.11 1257.93 *J 1 
7 147.57 „ , 194.00 , ... 
6 
= 949.11 ° 1257,93 " 5 
The similarity between the end area and unclassified cost methods is not by 
chance: they should be equal. Some discrepancies will occur due to rounding of 
Table 14 
Index of Cost Allocation - Yardage - Basis — Dollars 
Item Wood Water Wildlife Forage Recreation Administration Total 
Cost/Station - dollars 
Segregated 9 2.28 147.57 92.28 92.28 280.92 147.32 
Unclassified 142.40 194.00 142.40 142.40 323.68 194.00 
Grade Limitation 1.00 +1.33 1.00 1.00 VI. 17 1.00 
Wtd. Cost/Station -
dollars 
Segregated 92.28 196.27 92.28 92.28 328.68 147.57 949.11 
Unclassified 142.40 258.02 142.40 142.40 378.71 194.00 1,257.93 
Index 
Segregated .097 .207 .097 .097 .346 .155 .999 
Unclassified .113 .205 .113 .113 .301 .154 
* 
.999 
* Does not total to 1.000 because of rounding 3. 
Ln 
-o 
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Table 15 
Allocated and Total Costs in Dollars Per Station 
By Unclassified Costing Basis 
B 
s Jh 
1 /n 
a' •+• 't/v 1 /n -c — Cs Use %C 
23.3 0 23.73 "Wood 6.3 
23.73 17.20 32.01 72.94 Water 19.3 
23.73 0 23.73 "Wildlife 6.3 
23.73 0 23.73 Forage 6.3 
23.73 17.20 32.01 120.69 193.63 Recreation 51.0 
23.73 17.20 40.93 Administration 10.8 
142.38 51.60 64.02 120.69 378.69* Total 
* The discrepancy from $378.71 is due to rounding in manipulating the data. 
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numbers when multiplying by the volume constant, 3.71, and dollar cost. For 
illustrative purposes, however, they are the same. 
The segregated cost indexes are higher where the cost of rockwork 
becomes significant. This comparison points out the necessity of correctly 
judging the ground conditions if a segregated cost method is to be used. Adjust­
ments for rockwork could be made after the construction work is completed when 
this difficulty causes problems or inequities. 
The total cost is equal to the basic cost plus the incremental costs 
incurred for the sake of other than the basic use. In formula presentation (4) 
C - B + I. Since the incremental theory of cost allocation prorates the basic 
cost evenly among all uses for which the road is intended (2) Bs = B/n, the 
basic cost to be charged to each specific use, I, is also divided among the various 
uses specifically concerned but is not evenly distributed unless each use class has 
the same index of cost. However, this does not usually occur. In this example, 
Wildlife and Range have the same cost as that for Wood. Consequently, they 
have a zero incremental cost-- Ig - 14 - 0. 
If these two uses were to be ignored or left out, the effect would be to 
increase the basic cost charged to all pertinent uses. That is, B - $142.40. 
B = - = 142,40 - $37.35, instead of B = - = 142;4° - $23.73. 
s n 4 s n 6 
Using an Index of Cost Allocation, Z, as a multiplier, the incremental 
cost can be derived for each specific use. However, it must be borne in mind 
that each additional increment must be evenly distributed among all uses having 
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an index equal to or greater than that specific index and formula (3) changes 
from 1 - — to I - — 
s n s m 
Since the multiplier to be used in deriving I will vary according to the 
difference in the next lower index and the number of uses specifically concerned, 
the following illustration will best explain its derivation and application. 
Table 16 
Allocated and Total Costs -• Dollars/Station 
(1) (2) (3) (4) (5) 
Bs 's c s  
Use Percent of 
total 
23.73 0 23.73 Wood - Basic 6.2 
23.73 49.84 73.57 Water 19.5 
23.73 0 23.73 Wildlife 6.2 
23.73 0 23.73 Range 6.2 
23.73 169.46 193,19 Recreation 51.1 
23.73 17.09 40.82 Administration 10.8 
142.38 236.39 378,77 Total 100.0 
Formula: B + 1 = 
s • s Cs 
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Knowing what effect multiple use considerations will have on construc­
tion costs, the land manager and road engineer are in a much better position to 
make value judgments. Can this additional cost be justified? Should the road 
standards be revised to fit expected future requirements? Traffic count informa­
tion, land features which will become accessible, and all future policy must all 
be considered. 
In order to reduce the bias that might arise from such a value judgment, 
it is best that the importance factor, X, be estimated at the outset of the ana­
lysis. Admittedly, the manipulation of this factor can be used to justify pre­
conceived values. Yet, its application is at least a measure of the validity of 
the road standards imposed. 
Bridge Cost Application 
The following examples of applying the incremental method to timber 
sales roads are made for the purpose of illustrating what effect this method would 
have on the road allowance charged to timber if supplementary funds were avail­
able. The examples were chosen to point out the problems associated with apply­
ing the incremental method to actual conditions. As such, the choices were 
limited to the author's close knowledge of the specific problems or conditions 
encountered on the specific projects. Each example will be presented in the 
following manner. 
1 . A brief description of the particular situation under study pointing 
out the specifications that make the example worthwhile for study. 
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2. A very brief explanation of the uses considered in the original 
determination of standards and those needed for application of the allocation 
model . 
3 . Appl ication of the cost al location model. 
4. A comparison of the results obtained in Step 3 above and the 
original cost in Step 1 above. 
In this first example, the costs of bridge construction will be allocated 
to the forest uses according to the incremental method. (6) Cs • B/n + l$ 
is the appropriate formula to use in this case. 
The bridge under study was built across Canyon River in the Olympic 
National Forest. This was on a Sustained Yield Unit which puts this analysis in 
a unique position in that the timber operator, Simpson Timber Company, was 
assured of successive logging operations in the area. This unique situation will 
be considered after the initial cost allocation is made. The bridge cost $38,350 
and was a prestressed concrete structure with a road 33 feet wide spanning 90 feet. 
The total cost of the bridge was funded by purchaser road credits or deductions 
from stumpage payments. 
If the bridge were used for log hauling only, it could be a single-lane 
log stringer bridge costing $10,000 (equals basic cost, B). 
A bridge satisfactory for wildlife and administration requirements would 
be a permanent single-lane structure costing $25,000 or an additional cost over 
the basic cost of $15,000 (I - 15,000). 
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Recreation requirements were a major consideration in building this 
structure because the road would eventually provide access to some prime recrea­
tion sites. For this reason the 33-foot width rather than the 18-foot width was 
used, requiring an additional investment of $13,350 (I, - $13,350), 
o 
"Water and forage uses are not pertinent to this situation. 
It was mentioned that assurance of continuous use of the bridge for tim­
ber hauling posed a unique difference in this example. Since the roadbuilder 
and timber purchaser could expect more or less permanent use of the bridge, it is 
correct to specify a permanent structure for minimum standard wood use. Conse­
quently, the basic cost is raised from $10,000 to $25,000. Table 17 shows the 
cost allocation for both cases wherein the A rows represent the minimum standard 
log stringer bridge and B rows represent the permanent minimum standard bridge. 
The results of Table 17 are shown in the following tabulation: 
Percentage Cost Distribution for Bridge 
Use/Condition A B Actual 
Wood 6.5 16.3 100.0 
Water -
Forage -
Wildlife 19.5 16.3 0 
Recreation 54.5 51.1 0 
Administration 19.5 16.3 0 
This shows that where a permanent structure is constructed as a timber hauling 
facility, the charge to timber is increased considerably, from 6.5% to 16.3%. 
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Table 17 
Bridge Construction Cost Allocation - In Dollars 
Use B 
s 
1 
a 'b Cs 
"Wood A 2,500 0 2,500 
B 6,250 0 6,250 
"Water — — 
" 
"Wildlife A 2,500 5,000 7,500 
B 6,250 0 6,250 
Forage - - -
Recreation A 2,500 5,000 13,350 20,850 
B 6,250 13,350 19,600 
Administration A 2,500 5,000 7,500 
B 6,250 0 6,250 
Total A 10,000 15,000 13,350 
B 25,000 13,350 
Condition A exists where a temporary (less than 15 years) structure is 
built. 
Condition B exists where a permanent minimum standard structure is 
built. 
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Yet, this increase is still way short of the original 100% charge made under the 
present method of construction financing. One assumption underlying this model 
is that wood use does not benefit from the incremental requirements and costs. 
This assumption is necessary in order to be able to distribute joint costs and incre­
mental costs in an orderly manner. To make wood pay 100% of basic cost ignores 
the fact that non-timber uses get some benefit from the basic road structure. This 
would also contradict the accepted and established practice of applying the 
Incremental Method. 
Griffin Creek Timber Sale 
The Griffin Creek Timber Sale is located on the Tally Lake District of 
the Flathead National Forest in northwestern Montana. On May 29, 1969, 
14.8 million board feet were sold to Plum Creek Lumber Company of Columbia 
Falls. This was during the period of extremely high lumber prices which was 
reflected in both the high minimum appraised values and the high bid values. 
This is an area where intensive competition for timber exists and the large volume 
of timber in this sale certainly contributed to the high bidding at the oral auction. 
This sale was chosen at random from a timber sale prospectus file for 
sales offered on the Flathead National Forest, 
The timber sale data is presented in Table 18, showing appraisal values 
as used for the actual sale and the bid values. Because this sale did occur 
during a period of abnormally high lumber and plywood prices, an appraisal 
adjustment is included to show how these projects can be financed during favor­
able market prices. Or, to put it in another way, it would not have been 
Table 18 
Griffin Creek Sale Data 
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A p p r a i s a l  a n d  B i d  V a l u e s  
: Appraised : Adjusted : 
Species Volume : 5^69 * L. 
: Price Value : Price Value : Price Value 
(MBF) ($/M) ($) (S/M) ($) ($/M) ($) 
Larch 5,840 55.97 326,865 12.22 71,365 64.00 373,760 
Douglas Fir 2,440 51.02 124,489 15.20 37,088 64.00 156,160 
Spruce 2,670 40.86 109,096 6.16 16,447 64.00 170,880 
Lodgepole 2,730 33.75 92,137 3.37 9,200 33.75 92,137 
Alpine Fir 1,120 51.57 57,758 4.17 4,670 51.57 57,758 
Ponderosa - 19.55 - - - 19.55 -
OD 0.50 
14,800 710,345 710,345 138,770 850,695 
Ave. value - $/MBF 48.00 9.38 57.48 
D e p o s i t s  a n d  C h a r g e s  
$/MBF Total $ 
S lash Disposal 1.95 28,860 
Road Credits 14.04 207,801 
K-V 1 . 1 4  16,906 
Road Maintenance 1.38 20,424 
Road Restoration 0.25 3,700 
18.76 277,691 
Source: Timber Sale Prospectus, Griffin Creek Sale, Flathead National Forest, 
Kalispell, Montana, May 29, 1969; Cyclone Lookout Sale, May 18, 
1970 
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possible to include the non-timber construction work in the 1970 appraisal when 
prices were lower. 
Analysis of the timber sale contract shows the following break-down 
for the $207,801 purchaser road credits: 
Category Length Total Cost Cost/MBF Cost/Mile 
Recondition 16.2 miles $ 51,576 $ 3 . 4 8  $ 3,184 
Oi 1 coat 1 4 . 3  m i l e s  14,300 0.97 1,000 
New construction 13.17 miles 141,925 9.59 10,776 
Total 43.7 207,801 
An additional charge of $3,700 should be added to purchaser road 
credits for stockpiling surfacing material for later application. The road res­
toration and oil coating work is to be on roads other than the one being extended 
by the new construction. 
This sale is located in the Tally Lake area where a great deal of recre­
ation (boating, swimming, and berry picking) and hunting traffic occurs which 
is the primary reason for the dust oil coating. Several private ranches and the 
Star Meadows Guard Station maintained by the Forest Service are also serviced 
by these roads. 
With this road use in mind, the total road charges of $211,501 
($207,801 purchaser credits plus $3,700 stockpile charge) can be divided into 
two divisions for allocation purposes: 
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New construction $141,925 
Restoration $ 69,576 
The use of the road for log hauling purposes is considered in allocating new con­
struction costs and is modified in allocating restoration work costs. This decision 
is based on the following traffic counts made in 1964 and 1965 on the Tally Lake 
road by the Forest Service: . 
1964 
Number of days counted 169 
Total number of vehicles 14,488 
Estimated logging traffic 14% 
New Construction Cost Allocation 
The basic road cost is estimated at $5,000 per mile or $95 per station. 
This estimate is based on the following facts. 
1 . An SL 14 with ditch road was specified for the sale at an estimated 
cost of $10,776 per mile or $204 per station. This is about double the cost of a 
16-foot roadbed (14'-surface and 2'-foot ditch) as shown in Table A-7. On this 
basis then the SL 12 (without ditch) can be estimated by doubling the average cost 
in Table A-7 which would be $5,486 per mile. 
2. The engineer for the Tally Lake District estimates an SL 12 road 
would cost about $5,000 per mile in that area. 
3. The author would estimate these costs (of $5,000 per mile) to be 
about twice the general average for western Montana because of steep sidehills 
and an abundance of rock which is oftentimes rippable with large dozers. 
1965 
215 
13,800 
11% 
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Incremental costs for the other uses will be divided into two groups: 
I * 8,000 - 5,000 - $3,000 per mile, or $57 per station. This cost was 
determined in the same manner as for B - $5,000 per mile. Namely: 
1 . Table A-7 shows an average cost for 14-foot roadbed (SL 12 + 
2' ditch) to be $4,168 per mile. 
2. District engineer estimates about $8,000 per mile for SL 12 with 
ditch. 1^ * (10,776 - 8,000) = $2,776 per mile. 
Formula (4) C — B + I 
= 5,000 f (3,000 i 2,776) 
= 10,776 
It now becomes necessary to distribute these costs among the uses. 
Forage use will not be considered. Although there are some cattle ranches in 
the area, grazing is not done to any extent on the National Forest. 
The basic cost is common to all five uses. I is common to four uses 
a 
and is common to only one use. The first increment is concerned with the 
basic road but a two-foot ditch is added to make it a permanent road for hunting 
and administrative use. The second increment, 1^, is for recreation use as this 
road will eventually hook up with another road which will stimulate recreational 
traffic. 
Table 19 shows the cost allocation for the new construction. In apply­
ing this to the 13.17 miles of new construction, the charge to timber would be 
$13,170 or only $0.89 per thousand board feet, as compared to the $9.59 
actually charged. 
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Table 19 
New Construction Cost Allocation for Griffin Creek Sale 
In Dollars Per Mile 
Factor B 1 
a 'b 
C 
Amount 5,000 3,000 2,776 10,776 
n 5 4 1 
Uses B s 
1 
sa 'sb 
C 
s 
% of C 
Wood 1,000 0 0 1,000 9.3 
Water 1,000 750 0 1,750 16.2 
Wildlife 1,000 750 0 1,750 16.2 
Recreation 1,000 750 2,776 4,526 42.0 
Administration 1,000 750 0 1,750 16.2 
Road Restoration Cost Allocation 
The road restoration costs total $69,576. This roadwork should apply 
to all uses, and should be divided equally among them. However, in light of 
the traffic count information for this area, which,shows logging traffic to be 
around 14%, this provides an opportunity to apply the importance factor. This 
is logical because the recreational and hunting use of this road is expected to 
increase markedly in the near future. 
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The oil treatment is to be put on the same section of road that is res­
tored and the stockpiled surfacing material will be applied later to the same road, 
but on a different section. Hence this money will be costed out over 16.2 miles 
at $4,295 per mile. 
6 
The basic cost, B, is $601 (14% of $4,295) per mile and is common to 
all five uses. The incremental cost is then $3,694 (4,295 - 601) per mile. 
The cost allocation is shown simply in the following tabulation: 
Use B/n f l/n cs % of C 
"Wood $120.20 0 - 120.20 2.8 
"Water 120.20 923.50 1,043.70 24.3 
Wildlife 120.20 923.50 1,043.70 24.3 
Recreation 120.20 923.50 1,043.70 24.3 
Administration 120.20 923.50 1,043.70 24.3 
The charges to water and hunting should have been reduced to some 
extent. However, without more adequate knowledge of this particular situa­
tion it is impossible to estimate what this reduction would amount to. 
Because the charges have been determined on a cost-per-mile basis and 
also because the mileage for new construction and restoration work are not the 
same, it is necessary to convert these two different charges to a common base. 
^Basic cost is the cost of the lowest standard road. This happens to be 
the single-use timber road. Since timber traffic amounts to 14% of the total 
traffic, the basic cost can be assumed to be 14% of the total cost. The incre­
mental method requires the basic cost to be distributed equally among ail uses. 
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The common base is the total road charges of $211,501. Table 20 shows this 
determination. 
Because these costs will be presented in a summary table as dollar cost-
per-station, the dollar costs in Table 20 are converted to dollars per station on 
an overall average. This is obtained by using 13.2 miles new construction and 
16.2 miles restoration or total of 29.4 miles, which gives an average cost of 
$7, 193.91 per mile or $136.25 per station. Then using the percent total dis­
tribution in Table 20, the total allocated costs per station are: 
Use Cost/Station in Dollars 
Wood 
Water 
Wi I dl i fe 
Recreation 
Administration 
9.81 
25.62 
25.75 
49.32 
25.75 
136.25 
Table 20 
Griffin Creek Sale Road Cost Allocation 
: New Construction : Restoration Total 
: % Dollars : % Dollars : Dollars % 
Wood 9.3 13,340 2.8 1,948 15,288 7.2 
Water 16.2 22,992 24.3 16,907 39,899 18.8 
Wildlife 16.2 22,992 24.3 16,907 39,899 18.9 
Recreation 42.0 59,609 24.3 16,907 76,516 36.2 
Administration 16.2 22,992 24.3 16,907 39,899 18.9 
Total 141,925 69,576 211,501 
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Actually, the percentage distribution of costs is more important and corresponds 
to Z, the index of cost allocation . 
Center Hay Creek Timber Sale 
This timber sale was put up to remove beetle infested timber from the 
Glacier View District of the Flathead National Forest in Montana. The sale 
date was December 23, 1968. 
This sale has been chosen to point out a situation when the timber 
charge for road work should have been charged to recreation use. 
This conclusion is based upon the following facts: 
1 . The present Hay Creek road has been used since the early 1950's 
for log hauling, hunting and fishing, and recreation. This 11-mile section is a 
large portion of a heavily used loop road between the Flathead and Stillwater 
drainages. The present road has been satisfactory for hauling a considerable 
amount of timber in the past. 
2. It is estimated that there is only an additional 25MMBF of timber 
to come over this road in the next 20 years and current insect infestation may 
reduce the merchantability of this volume considerably. 
3. Currently, the most intensive use of this road is by hunters and 
recreationists. It is expected that this use will increase in the future. 
4. The present road is satisfactory for administrative use and has been 
for over 15 years. 
Table 21 briefly shows the timber sale data. The average appraised 
stumpage price of $27.59 per thousand board feet is unusually high. The sale 
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Table 21 
Center Hay Creek Timber Sale Data 
Volume of Sale 7,500 MBF 
Appraised Price $206,956 Total 
$27.59 Average Price per MBF 
Deposits and Charges 
$/MBF Total 
Slash Disposal $ 0.75 $ 5,625 
Road Maintenance 1 .20 9,000 
Road Restoration 1 .00 7,500 
Road Credits 7.93 59,470 
K V Deposits 3.17 23,774 
$14.05 $105,369 
Sale Date: December 23, 1968. Flathead National Forest, Kalispell, 
Montana. Glacier View District. 
Source: Timber Sale Prospectus, Center Hay Creek Timber Sale, Glacier 
View District, Flathead National Forest, Kalispell, Montana 
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was made when lumber prices were very high. If the sale had been made in 
1970, the top bid would probably have been around $15.00 per thousand, which 
would just cover the deposits and road credits. 
The timber sale road data in Table 22 shows that the purchaser road 
credits and non-maintenance charges are for road reconstruction and restoration. 
This is borne out by the high proportion of surfacing costs. But since the other 
road uses are so heavy, should any of this reconstruction cost be charged against 
the timber resource? 
Using the incremental allocation method, the problem of road cost 
allocation in this example is simple. All uses but recreation would have a zero 
importance factor since it is apparent that these other uses were adequately 
served by the former road. The district engineer has stated that the only 
reason for improving the road is for expected increased recreational use. 
To correctly allow for uses other than recreation, a comprehensive 
traffic county study should have been made for the purpose of cost allocation. 
Grazing is of no importance in this area and it is repeated for emphasis that the 
road has been satisfactory for wood, water, wildlife, and administrative uses in 
the past. 
In this example, the cost allocation procedure used by the Forest Ser­
vice in dollars per station is shown as follows: 
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Table 22 
Road Construction Data - Center Hay Creek 
Reconstruct 11.28 miles or 595 4- 72 stations 
Quantities and Allowed Costs 
Clear and Grub 9 acres $ 2,736 
Excavation 18,000 cu. yd. 5,400 
Culvert 170 lin. ft. 891 
Seeding 50 acres 2,500 
Gravel 16,000 cu. yd. 1" 41,880 
4,100cu. yrd. coarse 6,055 
Total Purchaser Credits $ 59,470 
Road Restoration 7,500 
TOTAL ROAD COST $ 66,970 
Cost per MBF $ 8.93 
Cost per station (reconstruction) 99.90 
Cost per mile (reconstruction) 5,272 
Source: Timber Sale Prospectus, Center Hay Creek Timber Sale, Glacier 
View District, Flathead National Forest, Kalispell, Montana. 
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Use !i + li * 
"Wood 0 0 0 
"Water 0 0 0 
"Wildlife 0 0 0 
Recreation 0 $99.90 $99.90 
Administration 0 0 0 
The basic cost is zero because the present road satisfies the minimum 
standards for log hauling. The incremental cost then is the total purchaser 
credit amount. Because there are no other uses involved, this is not a common 
cost and the entire cost is charged to recreation use. 
Chapter V 
CONCLUSIONS AND DISCUSSION 
This study has been primarily concerned with showing one solution to 
the policy-administration dilemma caused by timber financed road-building on 
western National Forests. It is easy to see how this problem arose. 
There was no problem building timber harvest roads on National Forests 
prior to 1942. After "World War II non-timber uses of these roads grew. Road 
standards were adapted to meet this situation and timber quality was high enough 
to easily carry road costs. Consideration for other resources grew, road stan­
dards were adapted accordingly. However, this was contrary to policy because 
timber was forced to carry costs incurred for development and use of other 
resources. 
The solution presented in this study is based upon the standard of road 
requirement for each use. For study purposes, somewhat fixed standards are 
used. However, in real world situations, these standards are modified where 
necessary. The decision maker on the ground resolves this conflict. It is 
interesting to note that 
Low-volume, low-speed roads are unique. In the past, the Forest Service 
and other road management agencies have taken high-speed, high-volume 
road research data and subsequent standards and adjusted these to standards 
for low-volume, low-speed roads . . . and have resulted in poor allocation 
of resources .... In most cases a true analysis of a low-volume, low-
speed road will save funds in construction, operation, and maintenance 
(DeKalb, V.M., 1971). 
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This concept has been advocated by Forest Engineers for almost 35 
years. Furthermore, many of these conflicts relating to road standards result 
from vested interests, pressure groups, or an unwillingness to appreciate the 
other point of view. A compromise is oftentimes a practical solution. 
This study has presented a simple and practical solution to the policy-
administration problem. The solution is based upon a recognized methodology 
that has been used for many years. As a matter of fact, it has been shown that 
the Forest Service has applied the Incremental Method, but inappropriately, 
because the inclusion of all user groups overcomes the objections to the Forest 
Service method. The model in this study is adaptable and applicable to any 
multi-resource forest situation where road standards can be related to conditions 
and goals. 
It now becomes necessary to present some conclusions from this study. 
Table 23 presents a summary of the examples in the text. Before 
examining the data in the table, the reader must remember that wood is the 
basic use and, therefore, by definition, the lowest allocated cost. The table 
shows that cost allocations to the various users can vary widely from case to 
case. 
Column 3 shows the allocation, in percent of total cost, for unclassi­
fied excavation. It has been mentioned before, and will be repeated for 
emphasis: where excavation quantities are specified only as "unclassified, " 
costs will be allocated according to the cross-sectional areas for different roads. 
This then provides an oversimplified application of the incremental method but 
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Table 23 
Summary of Cost Allocation Examples -
Allocated Costs as Percent of Total 
1 
Seg-: 
reg. : 
1 
Unclass c % . 
Bridge 
% 
: Griffi 
: New 
n Crk. 
All. 
Hay: 
Crk.: 
Mean 
% 
"Wood 8.1 11.3 6.2 ,16.3 . 9.3 7.2 0.0 8.4 
Water 17.3 20.5 19.5 - 16.2 18.8 0.0 15.4 
Forage 8.1 11.3 6.2 16.3 - - - 10.5 
"Wi Idlife 8.1 11.3 6.2 - 16.2 18.9 - 10.1 
Recreation 45.1 30.1 51.1 51.1 42.0 36.2 100.0 50.8 
Admin. 13.0 15.4 10.8 16.3 16.2 18.9 - 15.1 
Source: 
Table No. 14 14 16 17 20 20 22 
it is pertinent because the Forest Service very seldom classifies excavation 
quantities on timber purchaser road jobs. A further simplification would be to 
apply these total cost ratios to the entire road cost, including culverts, bridges, 
or any other items that can be lumped into the total cost. This is one of the 
practical results of this study. Before proceeding onto other specific applica­
tions, some comments should be made about how this solution can affect the 
problem as originally defined. 
If this solution, or something similar to it, is not accepted, the status 
quo remains and the policy-administration conflict continues. This, in turn, 
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has a deleterious effect on the multiple-use program because presently there is 
a general lack of recognition of the importance that timber harvest roads have 
on forest development and this is currently having serious economic effects in 
communities where the forest products industry is dependent upon National 
Forests for log supplies. 
On the other hand, if this proposed solution to the road cost alloca­
tion problem is adopted as a normal operating procedure, the conflict is 
resolved. Aside from that there are several other benefits to be derived. These 
are discussed briefly as follows. 
Equity 
The equitable charge for road construction costs has been the primary 
purpose of many road cost allocation studies in many different countries (Walters, 
1967). 
It has been assumed in this study that the equitable distribution of road 
construction costs is an undeniably good objective. The study was undertaken 
because it was felt by the author, as well as a number of others, that the idea 
of multiple-use planning requires full consideration of the costs and benefits of 
all uses whenever some project is being undertaken. The project need not 
necessarily be restricted to road construction. 
Aside from that, a proper distribution of costs is a very important part 
of evaluating the net benefit of any resource. A misallocation of costs 
definitely causes a misinterpretation when evaluating alternatives regarding 
multiple-use management decisions. Cost accounting is necessary for evaluating 
alternatives. Although all costs and all benefits cannot be converted to one 
common measure, the dollar value is the most widely used single basis for com­
parison. The relation of dollars to hunter success does not measure the intangible 
return derived from leisure time expenditure. Yet, management decisions require 
a common denominator and dollar value is the best one available. Hence, it 
follows, that where dollar values can be assigned, this should be done in as 
equitable manner as possible to minimize the misallocation of resources. 
Multiple-use decisions require full consideration of the interrelation­
ship of all uses. The hiring of landscape architects to assist in planning National 
Forest timber sales recognizes the consideration of esthetics. Multiple-use road 
design is another indication that recognition is being given to the interrelation­
ship of resource use and development. 
To recognize these interrelationships is an improvement. However, it 
is necessary to have some measure of the costs that result from this recognition. 
The interrelationship of multiple-use factors have been more or less recognized 
for a long time, Because of the lack of some method to quantify the costs and 
benefits associated with multiple-use roads, it has been politically expedient to 
bypass this process. Hence, we have the situation where one resource, timber, 
carries the full load for non-appropriation financed multiple-use roads or where 
campgrounds are built with recreation funds and partially used by hunters 
(wildlife use). A realistic and valid allocation process would permit a possible 
pooling of appropriation requests for multiple-use projects. 
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Cost Sharing 
Cost sharing is a method of sharing roadbuilding costs where two or 
more major landowners are involved in forest development. The problem 
arises because of intermingled ownership patterns and the desire to prevent 
duplication of road networks. One case in point concerns U.S. Forest Service, 
The Anaconda Company, Burlington Northern Railway Company, and the St. 
Regis Company in northwestern Montana. A similar situation occurs in north-
central Idaho between the U.S. Forest Service and Potlatch Forests, Inc. The 
Forest Service has about 320 cost-sharing agreements. The road costs are pro­
rated according to the area or timber volume in each ownership. The problem 
arises when road standards are adopted which exceed those deemed necessary 
by the private companies. When this occurs, the usual solution is for the 
Forest Service to provide more than its established pro-rated share based on 
area or timber volume alone. 
This solution is an unsatisfactory one in some respects. First of all, 
this extra payment is looked upon as an appeasement measure. The Forest 
Service oftentimes feels the appeasement is unwarranted and the private land­
owner feels it is not enough. Secondly, the private landowners feel the rules 
are being changed to suit the Forest Service needs. The incremental method 
provides a means to establish cost sharing in the road design and estimation 
phase so that both parties then know the rules before the game starts. A satis­
factory cost allocation method essentially provides a basis for negotiating 
using predetermined road standards. 
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Stage Construction or Reconstruction 
The lack of adequate access for timber harvesting has been blamed 
for inadequate forest product supplies and wild price fluctuations (W.W.P.A. 
1968, U.S. Cong., 1969). Stage construction of logging roads has been sug­
gested as one way to overcome this road shortage. 
Having determined the road requirements for different forest uses, the 
road can be constructed on location of the most restrictive alignment specifica­
tions. Grades would be adjusted to minimize excavation and still provide a 
one-lane road. Such a road would amount to a single-use, a basic, or a mini­
mum standard road for log hauling. This would be the lowest cost road that 
would fulfill the needs for timber harvesting. The purpose of this is to build a 
maximum amount of road and tap the largest amount of timber for the least 
amount of cost. 
As funds become available, the road would be improved by a second 
stage building program. The two^stage construction would allow the road-
building program to proceed according to the timber utilization program and it 
will also relieve the financial burden on timber. 
Non-timber usage of forest roads can be expected to increase. This 
conclusion is made from two facts: that timber harvesting is limited by allowable 
annual cuts for given areas and non-timber road usage can be expected to 
^Stage construction consists of completing the roadbuilding job in more 
than one stage. A minimum standard road is built at first with plans to improve 
it at a later time. In some respects, the second stage is similar to reconstruction. 
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increase with population pressures and available access. With this realization 
in mind, stage construction can be planned where this non-timber usage is 
expected to increase substantially in the future. Where such an increase was 
not expected but does occur, road reconstruction can be done. The Griffin 
Creek Timber Sale example showed how cost allocation can provide a more 
equitable distribution of costs for construction, reconstruction or second stage 
construction, and road restoration. The final result showed a substantial reduc­
tion of costs that should be charged to timber. What is more important, how­
ever, is the fact that these costs are more equitably distributed among all the 
resources benefiting from the construction, reconstruction, and restoration of 
roads in the area . 
Funding 
An important reason for requiring a more equitable distribution of 
forest road construction costs is to obtain funds from non-timber sources which 
should be made available because of benefits resulting from multiple-use roads. 
In many instances, portions of these funds are being spent for the same purpose 
or project for which forest development roads are built, such as boat launching 
sites or campgrounds. 
Presently the Forest Service and BLM are dependent upon Congressional 
appropriations for roads not financed by timber, pursuant to the provisions of the 
Roads & Trails Act of 1964. Ten percent of timber sale receipts are returned for 
construction and maintenance of forest roads and trails. In addition, appropri­
ations are made for primary access roads where it is felt the standards and/or 
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costs are too excessive for timber alone. These funds are authorized by Sec. 23 
of the Federal Highway Act. 
Water 
A large amount of highway funds are now spent on state and federal 
road projects to protect water quality. It would be only reasonable to expect 
some portion of these funds to be spent for protecting water quality on forest 
development roads. To spend money on downstream projects is no more impor­
tant than protecting the water at its source in the watersheds. 
Wi I dl i fe 
A portion of receipts from hunting and fishing license fees are assigned 
to providing access to streams and lakes. This access includes the development 
of boat launching facilities as well. The Bureau of Sports Fisheries and Wild­
life provides similar access and also constructs water impoundments to improve 
waterfowl habitat. 
Fish and game laws are enforced by state agencies on state, federal, 
and private lands. Fish and game research studies are carried out on state, 
federal, and private lands. 
Since the jurisdiction of fish and game agencies includes all forest lands, 
except National Parks, the application of funds from these agencies for forest 
roads is well within reason. 
Forage 
Where forest development roads are used for transporting sheep and 
cattle, the allocation of grazing receipts for roadbuilding purposes can be 
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justified. Currently 10% of the grazing receipts is returned through the Roads 
& Trails Act; if incremental cost allocating is made a matter of policy, this 
10% could be raised or lowered according to the formula. 
Recreation 
State parks and recreation programs are administered by highway depart­
ments in the states of Oregon and Washington. In Montana the Fish and Game 
Department administers the recreation programs. Both of these agencies operate 
with funds collected in the form of user fees, —gasoline taxes and fish and game 
licenses. 
Idaho and California have their recreation programs administered by 
agencies dependent upon the state general fund for financing. These states 
would have to depend upon appropriations from the state legislatures for fund­
ing road construction. Another alternative would be to collect a user fee on 
multiple-use roads but this is impractical from the standpoint of collection cost 
and user antagonism. 
Since recreation on federal lands (National Forests) is involved, and 
the federal government is involved in recreation under many diverse programs, 
Congressional appropriations are another source of funds. Since the Incremen­
tal Method is a consistent and equitable cost allocation method, these requests 
could be made more logically if it were used. 
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Policy Implications 
The policy implications connected with the proposed cost allocation 
method are complicated. This is the major drawback to adoption of this pro­
posal . 
There are many sources of funds for financing road construction, all 
of which have a legitimate and logical responsibility to contribute something. 
This diversity of funding sources causes a very complex problem of coordinating 
appropriation requests, administrative procedures and schedules. There is also 
the problem of overcoming the reluctance to change the present practice which 
involves no effort or expense incurred by non-timber users except administration. 
Current Forest Service policy requires that all permanent roads con­
structed primarily for timber access be planned and designated to serve as 
multi-purpose roads. According to Forest Service policy, timber sale pur­
chaser road credit allowances are supposed to be supplemented with appropri­
ation financing when the construction cost exceeds the estimated cost for build­
ing the minimum facility required for timber access alone. However, this 
policy is not being followed because there is no standard procedure to deter­
mine the difference between the cost of a single-use and multiple-use road. 
Concern over the environment and esthetics is very widespread. 
Where logging takes place, this concern is very strong because of the temporary 
destruction to the landscape. Clearcutting is a necessary silvicultural practice 
where management objectives are to regenerate an intolerant species, like 
Western Larch, or to abate parasitic epidemics, like the mistletoe in 
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Douglas-fir. Logging methods must be better adapted to soil and terrain con­
ditions. Modifying clearcuts and logging practices to better fit the environ­
mental and esthetic requirements would be a definite improvement and there is 
no intention to question this. 
On the other hand, to meet these requirements will certainly raise 
logging costs. Those timber stands which are currently just marginally oper­
able can very well become submarginal because of this added cost. By charg­
ing an appropriate portion of road construction, costs can be charged to other 
uses, some of these stands can become operable, thereby reducing the impact 
on allowable cuts that will surely result from increasing the acreages and vol­
umes of noncommercial forest stands. 
Tax Effects 
Payments made to counties in which National Forest timber has been 
cut are known as in-lieu payments. Since timber purchaser road credits are a 
reduction of timber receipts, these purchaser credits amount to a reduction of 
these payments to the counties. Without any consideration of the justification 
for these in-lieu payments, it should be mentioned that they represent an impor­
tant consideration in county fiscal matters where the forest products industry 
dominates. For example, the County Commissioners in western Montana are 
8 
studying means to reduce the impact of road allowances and K-V payments 
g 
K-V payments refer to timber stand regeneration funds collected 
from timber purchasers under the Knutson-Vandenberg Act. 
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on these lieu payments. Needless to say, they would like to have these pay­
ments increased some way. 
Using Table A-2 in Appendix A, with supporting detail from Table A-1, 
the effect of shifting all these timber built road construction costs can be shown. 
The following tabulation is a summary of Table A-2, Lost Lieu Payments. It 
shows the average annual loss in lieu payments for the 1965-66-67 period in 
thousands of dollars; 
Lost Lieu Payments 
U.S.F.S. Lands $1,000 
California 2,916 
Idaho 1,029 
Montana 601 
Oregon 5,645 
"Washington 2,633 12,824 
O&C Lands 2,687 15,511 
Total in-lieu payments for all National Forests now amount to $40 to $50 million 
per year; this $15.5 million amounts to a considerable increase if it were made 
available. The illustrative applications of the incremental method for allo­
cating construction costs in Table 14 show that if the Incremental Method were 
used, the amount of construction costs allocated to timber would be reduced 
80-90%. Thus, if this allocation method were used, in-lieu payments would 
be increased by $10,2 to $11.5 million. 
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Further Research 
The concept of distributing forest road costs is a radical departure from 
current practices. Because of this there are several lines of study which should 
be followed in order to improve the cost distribution procedure and results. 
Model Refinement 
The successful and reliable application of the cost distribution model 
is dependent upon reliably accurate cost information. This may very well be 
the most critical single factor. Good cost data will enhance the use of the 
distribution model while poor cost data will have the opposite effect. The 
cross-sectional area basis appears to be very well suited for broad usage where 
cost data is not very reliable. The accurate or realistic estimating of costs 
under other than normal conditions appears to be one of the biggest problems in 
timber appraisal. However, this can be overcome. 
Standard procedures for establishing design criteria and model appli­
cation must be formulated and tested in order to improve the reliability of dis­
tributing costs. This is very important where inter-agency funds will be used. 
Resolving Use Conflicts 
Allocating road costs is not a panacea, but it should be a help in 
multiple-use planning. Full recognition of the added cost of multi-purpose 
versus single purpose roads, and equitable charges to other uses entails trans­
ferring funds between and within agencies. Consequently, since demands for 
funds from non-timber uses must be coordinated with timber and forest 
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development plans, the usual shortageof funds will require setting priorities 
that will most likely have to be resolved at higher administrative levels than 
are now used for timber sale programs. This is in line with suggestions made 
for improved multiple-use development of National Forests (U.S.F.S., 1970b). 
Guidelines for fiscal administration (budget, appropriation requests, and expen­
diture of funds) must be formulated for a smoothly operating road construction 
program. 
Other Applications 
The application of incremental cost distribution need not be restricted 
to road construction. Multiple-use planning requires the consideration of 
many factors other than road construction. Logging, esthetics, and environ­
mental factors have been mentioned briefly. There are other cost interactions 
that should be defined and quantified in order to better measure the impact of 
one use on another. 
This study has concentrated on distributing road construction costs on 
federal forest lands. This should not preclude a somewhat similar cost distri­
bution on private lands. Distributing road costs can have an appreciable 
effect on determining transfer costs and tax liabilities for integrated land-
processing forest products firms. This appears to be a very important area of 
study because of its potential impact on supplying private recreational facili­
ties and other non-timber forest utilization programs. Allowance of cost dis­
tribution on private forest roads can very well relieve some pressures on gov­
ernment lands. 
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APPENDIX A 
FOREST ROAD CONSTRUCTION STATISTICS 
Forest- road construction data for a three-year period is included to point 
out the consistency which is more apparent for three years as compared to a one-
year period. 
Appropriations, in $1,000, do not include engineering, and overhead 
expenses are not included in appropriations in order to make them comparable to 
purchaser-built roads which do not have this allowance. Appropriations data was 
available only for the National Forests of Idaho and Montana (Region 1), The 
National Forests have a construction cost per mile ranging from $13,429 to 
$90,152 (Line 3 of Table A-l), These roads are primary access roads and all have 
similar standards, but differences in terrain cause large cost differences. 
Information pertaining to purchaser-built roads again points out the vari­
ability of road costs. These costs per mile range from $5,126 for Montana in 1966 
to $21,072 for Washington in 1966. These roads have a surface 10 to 14 feet 
wide. The terrain of Montana and Idaho can account for the generally lower 
costs per mile. 
Average timber values were determined by dividing total timber value 
by total timber volume cut. Construction cost per M board feet was determined 
by dividing the total construction allowance by the timber volume cut. Cons­
truction cost allowances as a percent of total timber value (Table A-l, 
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Table A-l 
Forest Road Construction Cost Data 
Appropriated Funds: 
Miles Built 
Appropriation $1,000 . 
Cost per mile $ — 
Purchaser Built: 
Miles Built 
Allowance $1,000 
Cost per Mile $ 
Timber Volume Cut MMFB 
Timber Value $1,000 
Timber Value $ per MBF 
Const. Cost per MBF 
Const. Cost as % Value 
T ota I: 
Miles Road Built 
% Purchaser Built 
N a t i o n a l  F o r e s t s  
1 
C a 1 i f o r n i a I d a h o  M o n  t a n a  
F . Y . ;  1965 1966 1967 1965 1966 1967 ! 1965 1966 1967 
Line 
1 85.7 80.7 96.5 201.6 130.4 169.3 84.0 93.5 102.5 
2 2,499 1,256 1,679 
3 31,710 54,974 90,152 31,710 13,429 16,096 
4 788.5 1008.1 766.1 517.6 594.9 510.3 419.2 410.9 485.5 
5 11,404 13,630 9,956 3,379 4,239 4,725 2,243 2,102 2,873 
6 14,465 13,520 12,995 6,528 7,126 9,259 5,351 5,126 5,918 
7 1,770 2,061 1,761 820 994 914 726 798 731 
8 21,832 29,855 25,145 5,711 7,108 6,996 6,288 7,465 7,217 
9 12.33 14.49 14.28 6.96 7.15 7.65 8.66 9.35 9.87 
10 6.44 6.61 5.65 4.12 4.25 5.17 3.09 2.63 3.93 
11 52.4 45.6 39.6 59.2 59.6 67.6 35.7 28.1 39.8 
44.3 62.1 34.5 
12 874.2 1088.8 862.6 719.2 725.3 679.6 503.2 504.4 588.0 
13 90.2 92.6 88.8 72.0 82.1 75.0 83.3 81.5 82.6 
90.5 76.4 82.5 
Sheet 1 of3 
Table A-l - Forest Road Construction Cost Data - (continued) 
N a t i o na 1 
1 
F o r e s t s  • B L M  -  O & O  
3 
: O r e q o n  
• 
W a  s h  i  n g t o n  
«< 
F . Y .  • 1965 1966 1967 ° 1965 1966 1967 
o
 
o
 
i— 1965 1966 1967 Total 
Line 
1 239.3 226.9 228.0 79.2 76.8 88.7 1983.1 73 16 34 123 
2 3,975 656 2,482 7 , 1 1 3  
3 54,455 41,025 72,988 x57,829 
4 1597.3 1396.0 1363.4 652.9 435.5 680.8 11,627.0 372 424 369 1,165 
5 26,670 23,366 17,698 10,121 9,117 12,364 153,887 5,414 5,220 5,487 16,121 
6 16,697 16,738 12,981 15,502 21,072 18,151 x 12,096 14,554 12,311 14,871 xl3,838 
7 3,540 3,825 3,026 1,691 1,735 1,557 25,949 
8 75,548 95,036 84,090 24,049 26,772 31,925 455,037 
9 21.34 24.85 27.79 14.22 15.43 20.50 x 14.32 
10 7.53 6 . 1 1  5.93 5.99 5.25 7.94 x 5.93 
11 35.3 24.6 21.4 42.1 34.0 38.7 x 41.6 
27.1 38.3 
12 1836.6 1622.9 1591.4 732.1 512.3 769.5 13610.1 445 440 403 1,288 
13 87.0 86.0 85.7 89.2 85.0 88.5 x 85.4 83.6 96.4 91.8 x 90.5 
86.2 87.6 90.6 
States of Oregon, Washington, and Montana 100% purchaser built 1965-66-67. 
Sheet 2 of 3 
^ Compiled from Annual Report, Chief of the U.S. Forest Service, Tables 2 and 3. 
Region 1, USFS, Accomplishment Report—Road Construction Program. Appropriations and cost per mi 
do not include overhead and engineering costs. O&C appropriations and cost per mile are based upon sample of 73, 
16 and 34 miles of road for the years 1965-66-67 and do not include engineering, overhead, and surfacing (up to 
grading only). Purchaser built information is based upon a sample of eight timber sales throughout the 3-year period 
o 
Data obtained from Bureau of Land Management, USDI, Oregon State Office, New Constriction. 
Sheet 3 of 3 
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line 11) points out the portion of stumpage value that is represented by road con­
struction costs. Idaho has the highest road cost as a percentage of stumpage 
cost. It is interesting to note that Idaho aJs© has- th-e lo-west-percentage of pur­
chaser-built roads as compared to the total mileage of roads built during the 
three-year period. 
"Where timber quality and values cannot carry the road cost, amortiza­
tion rates will vary according to species. The higher value species will carry a 
higher road amortization rate. 
"When the effect of timber financed roads on in-lieu payments was dis­
cussed, the loss, or reduction, of these payments was shown in a tabulation. 
This tabulation was derived as shown in Appendix Table A-2, Lost Lieu Payments. 
Road Mileage Comparison 
Forest road construction on federal lands is financed by congressionally 
appropriated funds or by a portion of timber sale receipts. Generally, primary 
access roads are built with appropriated funds while forest development and 
secondary access roads are built with timber generated funds. Reconstruction of 
a l l  t y p e s  o f  r o a d s  i s  u s u a l l y  d o n e  w i t h  t i m b e r  s a l e  r e v e n u e s .  T h e  s i t u a t i o n  o n  
National Forests is shown by the following statement: 
In Fiscal Years 1968 and 1969, under the Federal-Aid Highway Act of 
1966, we expect to construct 12,382 miles of Forest Development Roads. 
Of this amount, we expect to build 2,414 miles (19.5% of total) out of 
appropriated funds. The remaining 9,968 will be built by timber pur­
chasers .... We have to insure that these (purchaser built) roads 
will be designed and constructed insofar as possible in a manner that 
w i l l  b e s t  m e e t  t h e  p r e s e n t  a n d  f u t u r e  p u b l i c  n e e d s  . . . .  
Table A-2 
2 
Lost Lieu Payments - In $1,000 
1 
Timber Financed Roads Built 
$1,000 
L o s t  L i e u  P a y m e n t s  
$1,000 
1965 1966 1967 1965 1966 1967 : 
3-Year 
Total 
Average/ 
Year 
California 11,404 13,630 9,956 2,851 3,408 2,489 8,748 2,916 
Idaho 3,379 4,239 4,725 845 1,060 1,181 3,086 1,029 
Montana 2,243 2,102 2,873 561 525 718 1,804 601 
Oregon 26,670 23,366 17,698 6,668 5,842 4,425 16,935 5,645 
Washington 10,121 9,117 12,364 2,530 2,279 3,091 7,900 2,633 
O&C 5,414 5,220 5,487 2,707 2,610 2,744 8,061 2,687 
J" o t a 1 59,231 57,674 53,103 16,162 15,724 14,648 46,534 15,511 
^Source: Line 5, Table A-1 
2 
Determined as 25% of credits allowed timber purchasers for road construction on U.S .F.S . lands and 50% 
on BLM - O&C lands. 
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We have made program shifts when necessary to continue providing 
required access to timber but it has still been necessary to require 
more and more timber purchaser construction (Nelson, 1968). 
Nelson shows that approximately 20% of roads built on all national 
forests are financed by congressional appropriations. Table A-3 shows the com­
parison for the National Forests in the western states. This table shows that tim­
ber purchasers build a little more than five miles of road to every mile financed 
by appropriations and indicates the reliance placed on timber sales to get devel­
opment roads built. On state managed forest lands in Idaho, Montana, Oregon 
and Washington, all roads (100%) were purchaser built in 1965-66-67. Appen­
dix Table A-1 shows that for this three-year period, the annual mileages built on 
the western National Forests averaged around 700 miles of appropriation financed 
roads and 4,200 miles built by timber purchasers. 
Construction Cost Comparison 
There is an appreciable difference in construction costs for roads built 
by timber purchasers and appropriated funds. Table A-4 shows this difference. 
For a three-year period timber purchaser built roads averaged $12,386 per mile 
while appropriation built roads averaged $45,729 per mile, excluding engineer­
ing and overhead costs. When including engineering, at $5,000 per mile, and 
overhead, at 30% of contract bid, the total average cost for appropriation 
financed roads is $65,947 per mile. Appropriated funds are usually used on pri­
mary access roads. High standards and resultant high costs are typical for this 
class of road. These road jobs require a tightly specified contract so the bidder 
must make allowances (Burnell, 1969). 
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Table A-3 
Percent of Total Road Mileage Built by Timber Purchasers and 
Appropriations on 1/Vestern Federal Lands in 1965-66-67 
Agency 
: Purchaser 
: Built 
: Appropriation : 
: Built : 
- p e r c e n t  -  -  -  - -
Total 
U . S . F . S .  
Cal ifornia 90.5 9.5 100.0 
Idaho 76.4 23.6 100.0 
Montana 82.5 17.5 100.0 
Oregon 86 o 2 1 3 . 8  100.0 
'Washington 87.6 12.4 100.0 
BLM-O&C 84.8 1 5 . 2  100.0 
Arith. Mean 84.7 1 5 . 3  
Source: Table A-l, Line 14. 
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Table A-4 
Average Construction Cost Per Mile on Western Federal 
Forest Lands Per Year For 1965-66-67 
Purchaser : Appropriation Built 
Built •" Contract Bid : Total Cost 
National Forests 
Cat ifornia 13,660 
Idaho 7,638 58,945 83,128 
Montana 5,465 20,412 33,036 
Oregon 15,472 
Washington 18,245 
BLM - O&C 13,838 57,829 81,678 
Arith. Mean 12,386 45,729 65,947 
Source: Table A-l, Lines 3 and 6. 
1 Total cost is determined by adding $5,000 per mile for engineering 
and 30% for overhead. This should be permissible since the logger is per­
forming these functions on purchaser built roads or, in some instances, timber 
sale administration covers these functions. 
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The significance of the problem can be shown by comparing road con­
struction costs with timber values. Table A-5 shows the construction cost of 
purchaser built roads as a percent of timber value. The table shows that pur­
chaser road credits amount to around 40% of stumpage value. 
For three years, 1965, 1966 and 1967, almost $154 million for the 
National Forests and $16 million for the BLM (Table A-l, Line 5) have been 
allowed for road construction. As an expense deducted from timber stumpage, 
this has the effect of reducing timber sale receipts by a significant amount. 
Appropriations based on timber receipts, in-lieu payments and roads and trails 
1 
maintenance, are reduced accordingly. These road allowances then repre­
sent a reduction of $38.5 million and $8.0 million to local counties from 
National Forests and O&C lands. 
Using the annual timber sale program on the Flathead National 
Forest as a sample survey, the road costs in dollars per thousand board feet 
can be shown as: 
Total Road Cost 
(excl. maint.) 
$/MBF 
Mea n 6.16 
Median 5.86 
Range 1.89 - 13.70 
Appendix B provides complete data regarding this sample. 
In-lieu payments are payments made to counties in which the timber 
is cut from federal lands. These payments are made in lieu of property taxes 
and are allocated to schools and roads. National Forest payments are based 
on 25% of timber sale receipts and BLM payments are based on 50% of receipts, 
Ten percent of total receipts are also returned for roads and trails maintenance 
and construction. 
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Table A-5 
Construction Cost as Percent of Timber Value on Forest Lands 
in the "Western States for 1965-66-67 
Timber Value Road Cost Road Cost 
Agency $/MBF $/MBF % of Timber Value 
U . S . F . S .  
California 13.70 6.25 45.5 
Idaho 7 . 2 5  4 . 5 2  6 2 . 3  
Montana 9.29 3.22 34.7 
Oregon 24.66 6 . 5 3  26.5 
Washington 16.72 6.39 38.2 
BLM - O&C 37.85 9.25 24.4 
1 
State of Montana 8.87 3 . 8 1  43.0 
Arith. Mean 39.2 
Source: Table A-l, Lines 9 and 11 . 
Determined from 50% sample of sales for 1965-66-67. 
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Cost Comparison of Road Standards 
It was mentioned previously that higher road standards could pos­
sibly be a reason for appropriation financed roads being so much costlier than 
timber purchaser built roads. It will now be shown that there is a difference 
in construction costs for different design standards. This is nothing new, but 
by showing this relationship the difference can be quantified for the limited 
sample used., However, the primary purpose is to show that there is a differ­
ence in construction cost for timber roads and multiple-use roads. 
Forest land managers must consider all the pertinent aspects of their 
area when road uses and standards are being prescribed. Even though manage­
ment goals may differ with regard to the primary use of the forest land, secon­
dary uses still should receive consideration. In order to determine if the pri­
mary management goal has any effect on road standards, it becomes necessary 
to make two definitions. These are: 
A. Those agencies not primarily timber oriented will be called 
multiple-use oriented. The Forest Service's multiple-use policy requires 
that it give equal consideration to all uses and, consequently, should not be 
primarily concerned with any one single use. 
B. Those agencies that are primarily concerned with timber pro­
ducts will be referred to as timber oriented. The Forestry of Natural Resource 
Departments of the States of Montana, Oregon, and Washington are in this 
category. 
in 
When road standards are used for cost comparisons and for segrega­
ting forest user groups, it is necessary to consider the individual specifications 
that pertain to those standards. Most of the specifications are well defined. 
However, width specifications do require a more complete description because 
of the different terms commonly used. A sidehill road cross-section diagram 
best illustrates the width specifications. Figure A-l shows these. Road 
width is more or less a shortened term for roadbed width which is often used 
interchangeably with subgrade width when no ditch is built. It is necessary 
that width specifications be clearly understood as it will be shown later that 
this is the one general specification that is most closely correlated with con­
struction costs. The grade is the vertical change per TOO feet horizontal dis­
tance. The grade percent designated is the maximum allowable sustained 
grade. Where a second grade percentage is included, the second designation 
is the maximum grade allowed for a short distance, usually about 1,000 feet. 
The minimum curve radius is the minimum radius of curvature permitted for the 
given road class. With tracking trailers, the minimum radius as dictated by 
mechanical design of trucks is 50 to 60 feet. Sometimes alignment specifica­
tions include maximum allowable deflection curvature in degrees, but this is 
too variable and complicated to include here. Standards refers to the speci­
fications collectively for a designated road class or use type . 
Road standards vary considerably for forest roads. However, there 
are significantly similar specifications to group forest land management agen­
cies according to primary management goals—multiple-use and timber- and 
Fill width >k- Cut width 
r¥-
Surface width 
usable width 
Road width 
Rood bed width 
Sabgrade width 
Figure A-l 
Road Cross-Section Diagram 
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road standards. Road width can be used as the most effective single specifi­
cation for classifying roads by management orientation, type of road, and con­
struction cost estimates. 
When primary management goals are categorized into multiple use 
and timber orientation, timber oriented agencies use a six-foot narrower road­
bed width (Table A-6). Since road width greatly affects construction costs 
(Table A-8), it is apparent that timber oriented agencies would have lower 
construction costs per mile. The Douglas-Fir Supply Study estimates that 
$6,000 per mile is the cost of converting a timber road into a multiple-use 
road (U.S.F.S. 1969). This $6,000 per mile very closely coincides with the 
construction cost differences for two-foot-width classes of total weighted 
averages of 12-14-16-foot widths in Table A-7. The importance of this 
observation is that a difference in construction costs is recognized. Hence, 
it can be concluded that differences in road standards between multiple use 
and timber oriented land management agencies do have an appreciable effect 
on construction costs. 
Table A-6 shows two obvious conclusions. These are: 
1 . As the road class changes from I to III, the specifications 
become less demanding. The roads get narrower, steeper and permit sharper 
curves for both Groups A and B. The arithmetic mean is used to summarize 
these specifications for both groups and each road class. 
2. The standards for timber oriented (group B) agencies are less 
stringent than for multiple-use oriented (group A) agencies. The bottom line 
Table A-6 
Agency Road Standards 
1 
R oa d C l a s s  
II 
Max Wi 
1 
d t h  Max. 
Min. 
Curve W i .  d t h  
Min. 
Curve 
Road Surf. Grade Rad. Road Surf Grade Rad. 
Feet Feet Percent Feet Feet Feet Percent Feet 
Group A - Multiple Use Management Goal Is 
BLM - O&C 26 24 8 190 22 20 10 150 
Calif. State Parks 34 22 10 500 34 20 10 300 
National Parks 30 22 7 500 28 20 7 250 
U . S .  F o r e s t  S e r v i c e  30 28 6 300 12-16 14 15 150 
Arith. Mean 30 24 7 . 8  372 25.5 18.5 10.5 212 
Group B - Timber Management Goal 
Calif. Pvt. Operators 24-30 22-28 8-15 200 20-28 18-22 8-15 80--150 
Crown-Zel lerbach 36 24 10 100 20-24 16 14 80 
Mont. Pvt. Operator 16-30 14-28 6 500 16 14 6 -
Table A-6 - Agency Road Standards (continued) 
R o a d  C l a s s  
W i d t h  
1 
Max. 
Grade 
Min. : 
Curve: 
Rad. : 
Wi 
I  
d t h  :  
Max. 
Grade 
Min. 
Curve 
Rad. Road Surf. Road Surf. : 
Feet Feet Percent Feet Feet Feet Percent Feet 
Montana State 18 16 6 75 14 12 8 50 
Oregon State 16-24 12-20 6 - 16-24 12-20 6-12 -
Potlatch Forests, Inc. 24-32 18-22 7 300 - - - -
Washington State - West 18-22 16-20 6-10 100 14 12 12 80 
Washington State - East 18 16 10 100 14 12 15 65 
Arith. Mean 23.8 20.8 8 182 18.3 16 10.7 75 
Diff. A-B 6 . 2  3.2 190 7.2 2.5 137 
(Sheet 2 of 5) 
Table A-6 - Agency Road Standards (continued) 
Group A - Multiple Use Management Goals 
BLM - O&C 
Calif. State Parks 
National Parks 
U . S .  F o r e s t  S e r v i c e  
Arith Mean 
Group B - Timber Management Goal 
Calif. Pvt. Operators 
Crown-Zellerbach 
Mont. Pvtc Operator 
II 
W i d t h  
Road Surf. 
Max. 
Grade 
R o a d  
Min. 
Curve 
Rad. 
C l a s s  
T e m p o r a r y  
Width 
Road 
Max. 
Grade 
Min. 
Curve 
Rad. 
Feet Feet Percent Feet Feet Percent Feet 
14 12 10 75 10 15-18 65 
23 
18 
16 
1 1  
12 
12 
10 
15 
250 
250 
50 
17.8 11.8 10.5 156 
10 
10 
15 
15 
50 
57 
12 
20 
14 
12 
12 
12 
15-25 50-100 
14 75 16 18 
12 12 
(Sheet 3 of 5) 
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Table A-6 - Agency Road Standards (continued) 
Width 
II 
Max. 
R o a d  C  
Min. 
Curve 
a s s  
T e m p o r a r y  
: Wi dth : Max 
: Min. 
j Curve 
Road Surf. Grade Rad. Road : Grade : Rad. 
Feet Feet Percent Feet Feet Percent Feet 
Montana State 12 12 12 50 
Oregon State 12 12 12-18 - 12 12-18 -
Potlatch Forests, Inc. 16 12 10-15 75 
Washington State - West 12 10 15 60 
Washington State - East 12 10 15 65 
Arith. Mean 1 3 . 8  1 1 . 5  13.5 67 1 3 . 3  1 5  75 
Diff o A - B 4 . 0  0 . 3  3 . 0  89 3 . 3  0  
Sources 
BL&M - O&C . Forest engineering handbook, Bureau of Land Management—O&C Lands. Portland, Ore. 1961. 
(Sheet 4 o f 5 )  
Table A-6 - Agency Road Standards (continued) 
California State Parks. California parkways. Dept. of Parks and Recreation. Sacramento, Calif. 1968. 
U.S.D.A. Park road standards. National Park Service, USDI„ Washington, D.C. 1968. 
U . S . F o S .  F o r e s t  S e r v i c e  M a n u a l ,  S e e s .  5 6 1 3 . 4 - 5 6 1 3 . 5 6 .  U . S .  F o r e s t  S e r v i c e ,  W a s h i n g t o n ,  D . C .  
Calif. Pvt. Operators. Poll of private logging operators in California. 
Crown-Zellerbach . Instructions for logging road builders. Crown Zellerbach Corp., Camas, Wash. 1968 
Mont. Pvt. Operator. Instructions for logging road builder. (name withheld) 1968. 
Montana State. State Forester. State of Montana. Missoula, Mont. 1968 
Oregon State. State Forester. Department of Forestry. Salem, Ore. 1968 
Potlatch Forests, Inc. Forest road specifications. Potlatch Forests, Inc., Lewiston, Idaho. 1968 
Wash. State. Minimum road standards. State Department of Natural Resources. Olympia, Wash. 1968 
(Sheet 5 of 5) 
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4 
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6 
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8 
9 
A1 
A2 
10 
1 1  
Table A-7 
Average Forest Road Construction Cost Per Mile as Related to Roadbed 
Width and Geographical Area During 1965-66-67 
R o a d  W i d t h  -  I n  F e e t  
20 16 14 12 10 
Na. : No. : No.: No. : No. : 
$/Mile Miles : $/Mile Miles: $/Mile Miles: $/Mile Miles: : $/Mile Miles : 
19,700 3 1 . 4  
20,212 1 . 0  17,500 22.0 15,000 4 . 0  
15,000 24.0 12,000 2 . 0  
17,000 10.5 9,500 6 . 5  
23,280 1 . 9  21,062 1 . 9  
17,019 3 . 4  15,398 3.4 
19,180 4.6 16,417 3 . 5  
20,875 6 . 0  15,923 2 1 . 4  
98,270 36.0 41,172 79.0 19,312 518.0 9,537 610.0 8,102 37.0 
95,956 (37.1) 28,728 (166.9) 19,152 (546.4) 9,853 (640.2) 8,102 (37.0) 
59,241 22,074 17,021 15,667 8,102 
9,705 1 1 . 5  2 870 
/ 
2 0 . 5  
5,510 3 . 5  2,225 35.0 
14,115 7 . 6  2,074 33.7 
(Sheet 1 of 3) 
Table A-7 - Average Forest Road Construction Cost Per Mile as Related to Roadbed Width and Geographical 
Area During 1965-66-67 - (continued) 
North. Calif. 
Central Calif. 
Arith.Mean 
Western Mont. 
2 
F . S .  ,  
Mont. State*" 
Weighted Ave. 
Arith. Mean 
TOTAL 
Weighted Ave. 
Arith. Mean 
_2Q_ 
R o a  d  
Ah 
I n  F e e t  
J4_ _L2_ 10 
No. No. 4 No. No. 9 No. . 
S/Mile Miles S/Mile Mile 
!
 
a>
 Miles . S/Mile Miles ! S/Mile Miles . 
8,197 1 9 . 1  6,296 12.4 1,578 16.5 
20,088 14.2 
10,101 5.6 4,396 18.5 
4,571 7 . 0  3,000 4.0 
37,348 6 . 3  18,076 4 . 2  8,941 36.9 2,000 6 . 0  
11,046 26.8 
8,000 22.5 2,400 4 1 . 5  
1,500 1 0 . 5  
37,348 (6.3) 11,204 (115.0) 3,904 (216.0) 1,888 (26.5 
37,348 11,649 3,919 2,193 
6,280 15.4 3,712 49.8 
5,500 25.0 2,000 203.0 1,600 244.0 
6,061 5 . 1  4,588 46.6 2,707 7 9 . 1  
5,458 1 1 . 1  2,730 35.0 1,641 20.0 
5,724 (51.5) 3,463 (89.9) 2,421 (269.6) 1,871 (323.1) 
5,746 4,168 2,743 2 , 1 5 3  
87,448 (43.4) 19,130 (339.4) 13,632 (852.3) 7,488 (966.3) 2 , 5 1 1  (360.1) 
51,943 13,673 9,197 8,468 4,136 
Lin? 
13 
14 
15 
16 
17 
18 
19 
20 
A2 
B2 
21 
22 
23 
24 
A3 
B3 
A4 
B4 
(Sheet 2 of 3) 
Table A-7 - Average Forest Road Construction Cost Per Mile as Related to Roadbed Width and Geographical 
Area During 1965-66-67 - (continued) 
Source: Each line represents one private operation in the area. These data were obtained from confidential 
sources and represent actual construction costs incurred by private operators. 
^ O&C. Bureau of Land Management on O&C lands in western Oregon. BLM State Office, Portland, 
Oregon. These costs are for grading only and do not include surfacing costs. 
2 
F . S .  U . S .  F o r e s t  S e r v i c e .  S u p e r v i s o r ' s  O f f i c e ,  L o l o  N a t i o n a l  F o r e s t ,  M i s s o u l a ,  M o n t a n a .  T h e s e  
costs were obtained from the Missoula Roundwood Sale offered in 1969. 
3 
Montana State. Montana State Department of Forestry, Missoula, Montana. Road cost allowances 
timber sales. By reputation, these allowances are generally lower than actual costs incurred. 
(S heet 3 of 3) 
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in the table shows the difference between the two groups for each specification 
listed. "When attempting to convert these specifications into effects on construc­
tion costs, the really significant difference between these two groups is the sub-
grade or roadbed width. As has been shown when applying the cost allocation 
model, roadbed width has a direct effect on construction costs. In fact, it is 
the most useful single specification for estimating or comparing road construction 
costs. 
Surface width is a very important cost criterion where adequate sur­
facing material is not readily available. In many instances the surfacing cost 
can exceed the grading cost. This is particularly true throughout the coastal 
area of northern California and Oregon. In western Montana surfacing costs can 
also equal or exceed grading costs when the surfacing is done as a reconstruction 
job or in stage construction. 
Although grade and alignment are very important in determining travel 
speed, erosion, safety, etc., they are impossible to evaluate without a thorough 
on-the-ground appraisal. These specifications can have an appreciable effect 
on construction costs because they can require a great deal more earth moving 
for higher specifications than lower specifications. Part of the cost variations 
in Table 5 for a given roadbed width within a specific area can be explained by 
grade and alignment restrictions. 
Table A-7 presents average construction costs per mile by roadbed 
width for various operations throughout Washington, Oregon, California, and 
Montana. Each line represents one individual operator except Line 9 which is 
1 2 3  
for all O&C lands in western Oregon. The purpose of this table is to show that 
there is a definite cost relationship between roadbed width and construction costs. 
The O&C construction costs do not include surfacing. For the western Oregon 
and western "Washington areas, the large amount of road mileage represented by 
the O&C data tends to distort the totals on Line A1 f Nevertheless, these 
figures are useful in showing the cost differences under somewhat similar condi­
tions. 
Table A-8 is a simplification of Table A-7 and is used to more clearly 
indicate the cost differences resulting from variation of road widths. The areas 
have been grouped according to timber regions in which logging practices, road-
building conditions, and hauling are somewhat similar. In this condensed pre­
sentation it is clearly evident that if road width is used as a measure of road 
standards, lower standard roads are less costly. There is nothing startling in 
this observation. What is significant is the cost differences shown in this table. 
Again, assuming road width can be used as a measure for standards— 
and it has been shown that road standards do affect road costs—it is useful 
to know the breakdown of quantities of roads built by road width categories. 
Table A-9 shows this breakdown in percent of total roads built for each area. 
At this point it is important to emphasize the fact that all the road costs in 
Table A-7 and subsequent analysis have considered only permanent roads. If 
temporary roads were included, the total number of miles constructed would be 
increased considerably. Also, these additional miles would practically all be 
in the 10-foot road width. Although this would have a significant effect on 
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Table A-8 
Construction Cost Differences by Region, Area, and Road "Width 
Region Area Item 
20 16 
J_L! 
14 
i ^ c i 
12 10 
Doug. 
fir 
"W. 'Wash. 
W. Oregon 
Weighted Ave. 
Diff/mile 
Diff/100'Sta. 
95,956 28,279 
67,677 
1281.76 
19,152 
9,127 
172.86 
9,853 
9,299 
176.11 
8,102 
1,751 
33.16 
Arith .Mean 
Di ff/mile 
Diff/lOO'Sta. 
59,241 22,074 
37,167 
703.92 
17,021 
5,053 
95.70 
15,667 
1,354 
25.64 
8,102 
7,565 
143.28 
'West. 
pine 
East .Ore. 
No .Cal. 
Cent.Cal. 
Weighted Ave. 
Di ff/mile 
Diff/lOO'Sta. 
37,348 11,303 
26,045 
493.28 
3,904 
7,399 
140.13 
1,888 
2,016 
38.18 
Arith .Mean 
Diff/mile 
Diff/lOO'Sta. 
37,348 11,760 
25,588 
484.62 
3,919 
7,841 
148.50 
2,193 
1,726 
32.69 
North. 
Rocky 
Mtn. 
West 
Mont. 
Weighted Ave. 
Diff/mile 
Diff/1001 Sta 
5,724 3,463 
2,261 
42.82 
2,421 
1,042 
19.74 
1,871 
550 
10.42 
Arith .Mean 
Di ff/mile 
Diff/100' Sta. 
5,746 4,168 
1,577 
29.86 
2,743 
1,425 
26.99 
2,153 
590 
11.17 
TOTAL Weighted Ave. 
Diff/mile 
Diff/100' Sta. 
87,449 19,130 
68,319 
1293.92 
13,632 
5,498 
104.13 
7,488 
6,144 
116.36 
2,511 
4,977 
94.26 
Arith. Mean 
Diff/mile 
Diff/100' Sta. 
51,943 13,673 
38,270 
72.48 
9,197 
4,476 
84.77 
8,468 
729 
13.81 
4,136 
4,332 
82.05 
Source: Table A-7 
Table A-9 
Percent Distribution of Road Width by Areas for Roads Constructed 
R o a d  W i d t h  
Total 2 0  F e e t  16 F e e t  14 F e e t  :  1 2 F e e t  10 F e e t  
Area Miles 
No. No. No. No. No. 
: 
Miles : °
/o 
Miles : % Miles : % : Miles : % : Miles : % 
West. Wash. 31.4 31.4 100.0 
West. Ore. 116.2 1 . 1  0 . 9  56.5 48.7 28.4 24.4 30.2 26.0 
O&C 1278.0 36.0 2 . 8  79.0 6 . 2  518.0 40.4 610.0 47.7 37.0 2 . 9  
1394.2 37.1 2.7 135.5 9.7 546.4 39.0 640.2 46.9 37.0 2.7 
1425.6 37.1 2 . 6  166.9 11.7 546.4 38.2 640.2 44.9 37.0 2.6 
East. Ore. 111.8 22.6 20.2 89.2 79.8 
No.Calif. 161.0 6.3 3 . 9  69.9 43.4 74.8 46.5 10.0 6.2 
Cent .Calif. 74.5 22.5 30.2 52.0 69.8 
347.3 6.3 1 . 8  115.0 33.1 216.0 62.2 10.0 2 . 9  
West. Mont. 734.1 51.5 7.0 89.9 12.2 269.6 36.7 323.1 44.1 
TOTAL 2507.0 43.4 1 . 7  333.4 13.3 852.3 34.0 919.8 36.6 360.1 14.4 
Total - O&C 1229.0 7.4 0.6 254.4 20.7 334.3 27.2 309.8 25.2 323.1 26.3 
Source: Table A-7 
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the distribution of road widths constructed through this three-year period, data for 
constructing temporary roads is not included because of the unreliability of esti­
mates. These are generally included as a cost of logging and as such roading 
costs include truck spurs, skid roads, and heelboom or jammer roads. 
Table A-9 shows that 1) for the Douglas-fir region, 14- and 12-foot 
roads are the most prevalent; 2) the 14-foot road accounts for a large part of the 
roads built in the western pine region; and (3) in the northern Rocky Mountain 
region the 10-foot road predominates. When using the full sample of 2,507 miles 
of road, the 12-foot wide road most widely used (36.6%). However, when the 
large effect of one agency is removed by taking the O&C data out of the total, 
the 10-, 12-, and 14-foot widths are very evenly distributed (26.3%, 25.2%, 
and 27.2%, respectively). Figure A-2 shows this distribution relationship more 
clearly. 
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APPENDIX B 
SAMPLE TIMBER SALE PROGRAM 
The purpose of this appendix is to provide detailed data that have been 
used for discussion in the text. 
Aside from this, the more complete information shows several important 
points. 
1 . The extent or amount of deposits and charges made by timber pur­
chasers. 
2. Road maintenance charges can sometimes be quite significant. For 
instance, in the Connor-Brauch sale,road maintenance charges surpassed either 
slash disposal or l-V deposits. 
3. These individual timber sale data sheets show the breakdown of main­
tenance, new construction, reconstruction, and road restoration work. These 
data are not available on a regional or federal level . 
In essence, this somewhat limited sample provides information that can be 
obtained only by laborious examination of timber sale prospectus. The Flathead 
National Forest timber sale program was chosen for analysis because of the author's 
close knowledge of the conditions in the area. 
In segregating construction and reconstruction costs, one assumption is 
made. Where purchaser road credits were applied to both types of work, the 
128 
129 
total allowance was pro-rated according to the amount of miles built in each cate­
gory. This was done as an expedient by avoiding the detailed estimates used for 
each job. The assumption appears to hold fairly well in that reconstruction costs 
are equal to or greater than initial construction where this work has been done. 
Restoration work mostly consists of surfacing work and ballasting in some 
places. Essentially, this is maintenance work done where the road maintenance 
charges do not apply. Road maintenance charges are determined at the rate of 
six cents or eight cents per thousand board feet per mile on primary and secondary 
roads used to remove the timber. 
Although allowances for construction, reconstruction, and road restora­
tion are deducted from timber sale receipts, slash disposal, K-V, and road main­
tenance deposits are deducted by the timber purchaser when determining his bid. 
This has the effect of reducing timber receipts also. Inspection of the individual 
sales shows these to be a considerable amount. However, these appear to be 
legitimate and equitable charges made against the timber user. 
Table B-l 
Summary of Annual Timber Sale Program on Flathead National Forest 
June 23, 1969 - June 23, 1970 
Sale V o l .  
MBF 
A v e .  
Price 
$/M 
Total Road 
Cost 
(excl .maint.) 
$/M % Ave.Price 
R o a d  C h a r g e s  
New 
Const. 
$ 
Reconst. Restor, 
Whale-Akinkoka 4,650 37.71 13.70 36.3 57,572 6,278 
Moose Pond Bugs 9,070 41.81 7.14 17.1 52,494 12,245 
Red Meadow Bottom 14,970 16.62 5.86 35.3 68,234 19,461 
East Red Meadow 7,010 20.04 4 . 1 1  20.5 3,407 16,636 8,762 
Wickiup 2,750 9.79 2.59 26.5 1,301 5,830 
Yew Cr. Cleanup 640 34.72 4.49 12.9 2,875 
Dog Foothill 2,500 42.20 8.63 20.5 21,582 
South Barber 5,470 28.31 1.89 6.7 2,897 7,448 
Howsley Forks 2,860 17.33 6.83 39.4 19,523 
Puzzle Creek 12,410 3.96 5.48 138.4 67,965 
Gregg-Daggett 8,390 19.64 8.54 43.5 47,933 17,000 
Connor-Branch 5,960 6.78 5.47 80.7 32,632 
Reid Divide 17,650 20.86 10.35 49.6 105,038 77,636 
Listle Creek 6,270 5.60 7.87 140.5 
Ruby Canyon 5,990 9.09 2.90 31.9 1,309 9,165 6,888 
Frozen Divide 4,620 4.46 3.14 70.4 7,451 3,347 3,696 
Benchmark Basin 4,470 3.82 9.58 250.8 34,124 4,247 
(Sheet 1 of 2) 
Table B-l - Summary of Annual Timber Sale Program on Flathead National Forest - (continued) 
Sale V o l .  
Ave. Total Road 
R o a d  C h a r g e s  
Price Cost 
(exl .maint.) 
New 
Const. 
Reconst. Restor. 
MB F $ / M  $ / M  %  A v e . P r i c e  $ $ $ 
Canyon Creek ^2 1 1 , 1 1 0  19.92 3.64 18.3 18,781 21,609 
Moran Creek 7,900 7.20 9.51 132.1 67,237 7,900 
Lid-Flossy 4,800 17.47 7.09 40.6 31,264 2,784 
Cyclone Lookout 4,790 8.86 3.75 42.3 11,577 5,201 1,198 
Sanders Ridge 2,160 1.92 4.56 237.5 2,292 5,055 2,506 
Whitefish Divide 7,370 8.09 4.57 56.5 1,009 32,640 
153,810 141.69 1,548.3 436,626 
461,632 
87,125 ) 
) 
Cost per M - $ 2.84 3.00 0.56 
Percent total cost 44.3 • 46.8 8.9 
(Sheet 2 of 2) 
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APPLICATION OF SUPPLEMENTAL FUNDS ON 
FLATHEAD NATIONAL FOREST 
6/23/69 - 6/23/70 
Puzzle Creek Sale 
Total purchaser credits 
Supplementation; provide materials for 
one treated timber bridge, 31-span with 
9' clear height. (Purchaser will install.) 
Moran Creek Sale 
Total purchaser credits 
Supplementation; furnish: 
2100 lin. ft. 18" CMP = $4,725 
210 lin.ft. 24" CMP - 840 
120 lin. ft. 36" CMP s. 720 
80 lin. ft. 48" CMP - 800 
$67,965 
$31.00 
4.5% 
$67,237 
$ 7,085 
10.5% 
Supplemental 
Whole - Akiukoka Bugs 0 
Moose Pond Bugs 0 
East Red Meadow 0 
Wickiup 0 
Yew Creek Cleanup 0 
Dog Foothill 0 
South Barber 0 
Puzzle Creek Sale 
One treated timber bridge materials 
311 -span, 9'-clear height z. $ 100/ft. — 3,100 
Total purch. credit $67,965 
Moran Creek Sale 
Purchaser credits $67,237 
FS will furnish and purchaser install 
2100 lin. ft. 18" CMP ^ $2.25 $4,725 
210 lin. ft. 24" CMP - 4.00 840 
120 lin. ft. 36" CMP x 6.00 720 
8 0  l i n .  f t .  4 8 "  C M P  -  1 0 . 0 0  8 0 0  
$7,085 
APPENDIX C 
PERTINENT DOCUMENTS 
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United States Department of Agriculture 
Forest Service 
" W a s h i n g t o n  2 5 ,  D . C .  7700 
y 
August 10, 1965 
Mr. John R. Host, General Manager 
F. H. Stoltze Land and Lumber Company 
Columbia Falls, Montana 
Dear Mr. Host: 
This is in reply to your letter of August 5, 1965 to the Chief of the Forest Ser­
vice . 
Our Directives Management people will write you concerning material in Titles 
2400 and 5600. 
This letter is concerned only with the statement in the second paragraph of your 
letter; namely, "in writing a dissertation for a PhD, my topic is concerned with 
allocating forest road construction costs under the concept of multiple use." 
This problem, John, is one that my ablest helpers have been wrestling with for 
years and years. We are in the process of setting up some graduate studies at 
Federal expense to explore this problem and come up with some usable answers. 
I'm not too hopeful we will get anything earthshaking, but it's worth a try. As 
you probably know, the Congress gave the Bureau of Public Roads the task of 
determining "the allocation of benefits for highway improvements." If you 
have followed the literature, you of course know that the job has not been done 
and probably won't. 
But to return to your dissertation; if we can help you in any way, we are at 
your service (Mike Rowlett stands at the ready on the question - call him any 
time you wish at DU8-4859 or write him at this address). If you actually dis­
cover a rational way in which to assign the costs of road improvements on the 
basis of multiple use, you may rest assured that your friends in the Forest Ser­
vice will endorse your doctorate and do their very best to get you acclaimed as 
a bona expert in the field. 
Sincerely yours, 
J . J . B Y R N E  
J. J. Byrne, Director 
Division of Engineering 
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TECHNICAL REPORT NO. 1 
This document will be discussed as it is related to problem recognition 
and analytical method pertinent to this study. The complete title is: Alloca­
ting Road Construction and Maintenance Costs to the Major Vehicle Classes Using 
the Forest Service Transportation System, Technical Report No. 1, Div. of 
E n g i n e e r i n g ,  U . S . D . A . ,  F o r e s t  S e r v i c e ,  W a s h i n g t o n ,  D . C .  
Foreword 
The Forest Service is faced with the problem of determining how cosls of 
road construction should be allocated to users of Forest Service roads. 
Policy 
Multi-purpose roads are designed and built to accommodate the needs of 
every user of the road. The roads are designed and built to accommodate all the 
predicted volume of the various classes of traffic expected to use the road. 
Cost Allocation Methods 
Vehicle classes are of 6000 GVW or less and over 6000 pounds GVW. 
This break was used to differentiate between recreation and administration vehicles 
under 6000 pounds and timber traffic over 6000 pounds. 
The Incremental Method is described, using these two vehicle classes as 
basis for comparison and is adopted as the allocation method to be used on Forest 
Service Roads. 
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This report excludes the ton-mile allocation method because "there 
is no proof or justification of the theory that either costs occasioned or benefits 
derived is proportional to the product of distance traveled and vehicle weight." 
It is not related to road design standards. In pavement design, it is the repe­
titive wheel or axle loads and not the gross loads which determine the relative 
thickness of surface and base material to be used. (p. 10). 
The Tire Pressure Method is excluded for essentially the same reason 
as the ton-mile method - the required total depth of pavement is not affected 
appreciably by tire pressures and has no relationship to such important factors 
of road costs as alignment, grade, design speed and providing for different 
vehicle dimensions, (p. 10). 
The cost of construction is not related to vehicle weight is a conclu­
sion to be drawn from the previous two paragraphs excerpted from the Report. 
If this is the case, and there is no reason to contradict it, then the vehicle 
classes used for differentiating between timber and recreation users are not 
relevant, valid, or reliable. 
"Cost for constructing a road . . . should be allocated on the basis of 
the amount of traffic and vehicle characteristics dictating the design of the 
road .... Respected authorities in the field of highway economics agree 
that allocations made by this (Incremental) method come closer in establishing 
the true cost responsibilities than any other method." (p. 12) 
No argument against the Incremental Method is intended. However, 
the manner by which it is applied is certainly erroneous. Using vehicle traffic 
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to balance future benefits against present construction costs would certainly 
count more non-timber traffic as the merchantable timber volumes decrease. 
Characteristics of the timber vehicles do not require extra construction costs. 
Weight is not a factor. Neither is traffic volume if only timber is to be con­
sidered on timber roads. It is the additional non-timber traffic which causes 
wider roads; safer requirements (visibility, shoulders and alignment standards). 
The basis for this conclusion has been explained in the Multiple Use Consider­
ations section. 
The second increment of cost "are for highway components needed by 
the large vehicles for such items as additional total thickness of pavement, 
extra width of lanes (and consequent greater earthwork quantities), extra 
lengths of culverts and greater strength of structures." (p. 14). 
The only valid item to be attributed to heavier vehicles is greater 
strength of structures. (1) Comments on page 10 point out that pavement 
thickness and base course are not related to vehicle weight. The Report 
also quotes from Yoder's Principles of Pavement Design to prove this point. 
Why then use extra pavement thickness as a differentiating specification? 
(2) Extra lane widths are required for the sake of non-timber traffic because 
of peak recreation traffic loads in the summer or tourist season. Obvious 
proof of this can be seen in the many wide two-lane with shoulder roads lead­
ing to ski resorts, boat landings or heavily used recreation spots over which no 
timber is hauled. These may be limited in length but the standards certainly 
show that wide roads are needed for non-timber traffic. (3) Extra culvert 
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lengths are a result of extra road width, but a greater length results from higher 
fills caused by stricter alignment and grade standards. This is difficult to quan­
tify but it certainly is a reliable general rule. 
" A l l  t h a t  w o u l d  b e  n e c e s s a r y  t o  k n o w  w o u l d  b e  t h e  a c t u a l  c o s t  o r  
engineer's estimate of an existing or proposed road. By applying the ratio, the 
cost for the theoretical road could be estimated." (p. 15). 
The ratio used, 1.3-2.0:1, has no valid basis because the wrong factors 
have been used. This has been explained above. I suggest that the criteria 
presented in the text of this thesis is a valid method for determining allocations. 
It could be simplified on a simple cross-sectional area basis but this would not 
allow for different, but costly, construction situations such as solid rock under a 
two-or three-foot layer of loose soil. 
Pages 15 to 22 are used to verify the erroneous ratio application. The 
simplicity of application tends to cause the reader to overlook the fallacy of the 
basic premise that traffic count is an equitable cost allocation basis. Historical 
trends and statistics are constantly pointing out the rising recreation use far beyond 
estimates. 
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G . A . O .  R e p o r t  B - 1 2 5 0 5 3  
A Review of "Report to the Congress: Funds Appropriated for Roads and 
Trails Could Be Used More Effectively By the Forest Service" by the Comptroller 
General of the U.S., Nov. 20, 1970. B-125053. 
The Federal-Aid Highway Act of 1958 provides that funds be allocated 
according to relative needs, value of timber or other resources served, relative 
fire danger, and comparative difficulties of roads and trails construction, (p. 1). 
Roads and trails construction funds are allocated on the basis of each 
region's projected timber volume to be cut and the estimated number of recrea­
tional visits . . . and does not take into pccount . . . the difficulties of construc­
t i o n .  ( p .  7 . )  
Essentially, the Comptroller General objects to this administrative pro­
c e dure on the grounds that it is contrary to the Federal-Aid Highway Act of 1958. 
T h i s  s t r e n g t h e n s  m y  o b j e c t i o n s  t o  t h e  T e c h n i c a l  R e p o r t  N o .  1 ,  n a m e l y ,  t h a t  a l l  
resources were not considered in the incremental analysis. Secondly, differences 
in construction difficulties were not considered either. 
APPENDIX D 
FOREST SERVICE TIMBER ROAD POLICY 
Briefly, timber harvesting consists of three operations: 1) log making 
or falling and bucking; 2) minor transportation or skidding and loading; and 
3) major transportation or log hauling. All three operations have undergone 
extreme changes in the last thirty years. These changes have come about 
through efforts to reduce costs under conditions which have become more and 
more conducive to increasing costs. Some of these conditions are: steeper 
terrain, smaller and poorer quality timber, and increasing distances from the 
log processing plant. 
During this same period the road system used in log hauling has had a 
major impact on nonindustrial users of the forest land. The use of trucks in 
hauling is dependent upon a good road system (Pearce, 1961a). As a road 
system is developed, it permits more use for purposes other than timber harvest. 
When roads are built to safely accommodate this additional traffic, 
road standards and road construction costs exceed those required exclusively 
for log hauling (The Lumberman, 1954a). The road system also has become an 
important tool for protecting and managing forest lands. As management prac­
tices have intensified, the relationship of roads to other resources has become 
increasingly important—a fact which has also had the effect of forcing higher 
road standards. Schallau has shown that the most economical road for timber 
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management purposes alone would be a low-speed design standard road 
(Schallau, 1967). 
An effective method for allocating National Forest road construction 
costs has been sought for at least 10 years (Byrne, 1965). The solution is 
necessary in order that National Forest administration can better meet the 
policy requirements as stated in the Multiple Use-Sustained Yield Act of 1960 
and the Act of October 13, 1964 (78 Stat. 1089; 16 U.S.C. 532-38) entitled, 
R o a d s  a n d  T r a i l s  S y s t e m  F o r  t h e  N a t i o n a l  F o r e s t s .  S p e c i f i c  r e f e r e n c e s  w i l l  b e  
made to these Acts later. 
Forest Policy 
In 1964 Congress enacted legislation which stated that the timber 
resource should not carry non-timber road costs. "The purchaser of the 
National Forest timber and other products shall not be required to bear that 
part of the cost necessary to meet such higher standard" roads (U.S. Cong., 
1964). 
1 . Aside from this policy which pertains directly to National For­
ests, Walters has shown the universal attitude to seek equity in determining 
road user charges (Walters, 1968). 
2. The problem of correctly allocating road construction costs has 
received considerable study since 1952. Most notable among these studies 
are those of the Highway Research Board of the National Academy of Sciences 
and the Bureau of Public Roads in the U.S. Department of Commerce. 
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Multiple use, or joint use, roads are specifically called for as a 
matter of Forest Service policy. Again, referring to the 1964 Roads and Trails 
A c t ,  
The Secretary is authorized to provide for the acquisition, construction, 
and maintenance of forest development roads . . . /and/ meet the 
requirements for protection, development, and management thereof, 
and for uti lization of other resources (16 U .S .C.). 
Furthermore, the Forest Service Manual (FSM) states that "safe joint use" by 
existing and future generated traffic shall be provided by forest development 
roads (FSM 7702; 772.4; 772.41; 2341.24.3b; 2431.24.6). Also 
. . . the intent of this section of the law is to establish a limit on the 
standards of roads for which costs are charged against the timber . . . 
while the construction cost is likely to be increased by a higher stan­
dard, log trucking and road maintenance costs may be decreased 
( 1 6 U . S . C . ) .  
Since multiple-use roads cost more than single-use timber roads and 
also that law and policy require that timber should not be charged for other 
costs on National Forest roads, it has become necessary to find some means for 
not overcharging timber resource for multiple-use requirements. The alterna­
tives listed under FSM 2431 .24.6 are: 
1 . Appropriated funds; 
2. Supplemental funds provided from appropriations to cover the costs 
which exceed those necessary for a timber road; 
3. Enlarge the proposed sale so the higher cost road can be carried 
by the timber sale; 
4 .  S e c .  4 ,  P u b l i c  L a w  8 8 - 6 5 6  w h i c h  m e n t i o n s  
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a . appropriated funds 
b. purchaser requirements 
c. cooperative financing with other public and private agencies 
d. combination of all three, 
5. Stage construction. 
Also, under FSM 7725.52 , 7702 , 7721.1 and 7725.5, "the difference, if 
any, between the cost of that road (which exceeds the cost of single-use 
timber road) and the road justified for the individual timber sale must be 
financed from appropriated funds." 
Appropriated Funds 
The use of appropriated funds to completely finance forest develop­
ment roads is probably the most equitable way to solve the problem. The 
sources of these funds could be a portion of timber sale receipts, funds from 
other concerned federal agencies, and gasoline taxes. 
Although this appears to be a solution to the problem, it has two very 
serious drawbacks. These are: 
1 . The portion of funds to be supplied by each source must have 
some consistent and systematic basis for determination. Up to this time no 
such basis exists. 
2. The use of appropriated funds exclusively is administratively 
difficult because of the unreliability of funding. The road construction pro­
gram is at the mercy of different agencies and opposing pressure groups both 
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within the agencies and outside. The economic implications on the local and 
National Forest products industries are not only numerous but severe. 
The timber harvesting program would be disorderly, to say the least. 
Timber purchasers could not remove the timber until the roads were built so the 
program would be dependent upon these unpredictable funds. Salvage of 
catastrophe damaged timber would not be possible because of the delays 
involved. 
Supplemental Funds 
To a limited extent supplemental funding is presently used. Although 
this appears to be a solution to the problem, it too has some serious drawbacks. 
These are the same as for complete financing with appropriated funds. 
To determine the amount of supplemental funding, except for roads 
built 100% with appropriated funds (hard money roads), is a very difficult and 
time consuming job. No definite account is kept for this item. Rather, the 
items purchased for supplementing purchaser built roads is a lump sum item. 
Examination and analysis of all timber sales for one full year on the 
Flathead National Forest showed the following supplemental funding (more 
details are shown in Appendix B): 
Number of Sales 23 
Volume of Timber 153,810 MBF 
Road Charges $/MBF Total 
New Constr. 2 . 8 4  $436,626 
Reconst. 3.00 461,632 
Restoration 0 . 5 6  87,125 $985,383 
Supplemental 10,185 10,185 
% of Total 1.03% 
One percent represents only a token contribution. 
It has been stated that supplemental funds, from Roads & Trails (R&T) 
funds have been used to completely finance major access roads. This argu­
ment is invalid, as far as relevance to supplementing timber, for two reasons: 
1 . The source and amount of these funds is determined by timber 
sale receipts; 
2. These funds are applied on roads which have standards which far 
e x c e e d  t h o s e  n e e d e d  f o r  t i m b e r  d e v e l o p m e n t .  ( E l k  S u m m i t  R o a d  N o .  I l l ,  
Burlington Northern-Forest Service Cost Share is a specific example.) 
Enlarge Proposed Sale 
Enlargement of the sale is no solution to solving the problem where 
multiple-use roads are being financed by timber contrary to National Forest 
policy. Rather, this just increases the importance of the problem. 
Increasing the size of the timber sale to cover road costs is a ques­
tionable practice. In response to public pressures to make clearcuts smaller 
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and spaced farther apart, it is apparent that timber sales are going to get 
larger in order to be able to carry increased road construction costs. This can 
very easily determine the structure of the industry in that small and even 
medium sized operators may be excluded from logging. 
Section 4, Public Law 88-657 
Public Law 88-657 mentions four possible sources for funding multiple-
use road construction: 1) appropriations, 2) timber purchaser requirements, 
3) cooperative financing with other public or private agencies, and 4) com­
bination of these three. Cooperative financing is similar to appropriated and 
supplemental funding. This leaves item two as the main point of discussion. 
Including the non-timber requirements in purchaser requirements cer­
tainly does not reduce the effect on the timber resource. Again, to be able 
to measure the effect, it is first necessary to determine the cost differences 
between the single-use timber road and the different kinds of road needed for 
individual uses. 
Stage Construction 
Stage construction assumes that the timber sale requirements are for a 
one-lane road (FSM 2431 .24.6). It further assumes that the second stage 
construction will be financed by appropriated funds since it cannot be carried 
reasonably by the timber sale. Appendix B, Table B-l, shows the extent on 
which timber is relied to carry this reconstruction. In fact, the table shows 
that reconstruction costs more than new construction. Forest Service officials 
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state this amounts to 50% more cost (WWPA, 1968). Consequently, this 
method of financing the non-timber cost of forest development roads is not 
satisfactory by any means because it does not shift the cost burden away from 
the timber resource. 
